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To students of plant anatomy few books have proved to be of 
greater service than SOLEREDER’S Systematische Anatomie der Di- 
cotyledonen.' It is a book that contains a vast amount of information 
as to the work that has been accomplished in anatomy thus far, and 
gives in concise and clear form the most important results in respect 


to the general characters of the dicotyledonous families, as well as a 
number of purely generic or even specific peculiarities observed in 
their internal structure; the classified lists of the enormous literature 
bearing on this subject are of no less importance. Whether the book 
be consulted for the sake of ascertaining the distinguishing characters 
of certain families or genera, or for obtaining a general view of the 
structure possessed by the dicotyledons, one is always sure to obtain 
exact information as to the plants that have been treated from this 
particular point of view. The number of dicotyledons that have 
thus far been studied is of course very large, and very few of the most 
interesting families or genera have escaped the attention of investi- 
gators. Most of the parasitic, saprophytic, and climbing plants, 
with their more or less anomalous structure, have already been duly 
considered and very carefully described. 

However, when we remember that most of the literature has been 
contributed by European botanists, it is readily understood that very 


1 Stuttgart, 1899. 





154 BOTANICAL GAZETTE [MARCH 


many of the extra-European plants have been studied either from 
specimens cultivated in botanical gardens or preserved in herbaria. 
This may be the cause why, for instance, the root-structure has not been 
studied to the same extent as that of the other organs, for the root 
system and rhizomes are not satisfactorily represented in herbaria, 
or may be entirely wanting. Also, only a very few of the more com- 
mon genera and species of the North American flora have been studied 
anatomically, because European botanists have not been in a posi- 
tion to study the American plants, and because American botanists 
have not paid sufficient attention to anatomical botany. American 
students, therefore, have an important and interesting task before 
them in undertaking an anatomical investigation of their native 
plants, the common as well as the rarer ones, in order to assist in 
the completion of a work so well begun and so very instructive as 
that of SOLEREDER and his predecessors. 

Moreover, the study of plant structures is necessary to the fuller 
understanding of ecology. The plant societies, so excellently outlined 
by WARMING and ScuimPER, should not be determined merely by 
the social occurrence of a number of types that characterize a certain 
vegetation, but they should be investigated much farther; thus we 
might be able to distinguish between characters that may be looked 
upon as those of the family and those that are purely epharmonic. 
Very frequently, so far as we know, these structural characters do 
not correspond with what might be expected from the nature of the 
habitat. Halophytes and xerophytes are often not to be separated 
by means of their structure alone; for example, many bog plants exhi- 
bit peculiarities that are familiar to us as xerophytic, and vice versa. 
If the structure of all the most significant components of these societies 
was so well understood that we were able to distinguish between 
epharmonic characters and those that are generic or specific, we 
might gain a clearer idea of the real factors that have brought these 
plants together so as to form societies. 

Another and perhaps more important problem is the application 
of the structures as a means of distinguishing genera and species; 
in other words, to bring together such points of distinction as may be 
observed in both the external and internal morphology of plants. 
For this purpose almost any contribution, large or small, may be of 
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some service; and the writer is under the impression that a detailed 
account of a few plants, hitherto left unstudied, may prove more 
useful than a broad anatomical treatment of a number of genera and 
species more or less vaguely described or insufficiently compared. 

Among the North American plants that have not been studied 
fully thus far are the Rubiaceae, at least the genera enumerated in 
the title of this paper. With the object of presenting a contribution 
to the knowledge of some of these plants, the writer has endeavored 
to gather as many data as possible from the vegetative organs which 
may be of some interest to students of plant anatomy. The follow- 
ing species have been studied: 

Cephalanthus occidentalis L. (swamps near Brookland, D. C.), Oldenlandia 
glomerata Michx. (swamp near Brookland, D. C.), Houstonia coerulea L. (open 
thickets, D. C.), H. purpurea L. (with the preceding), Mitchella repens L. 
(wooded ravines near Sligo, D. C.), Diodia teres Walt. (open fields, Brookland, 
D. C.), Galium pilosum Ait. (thickets, Brookland, D. C.), G. triflorum Michx. 
(woods near Anacostia, and on the Potomac shore, Va.), G. circaezans Michx. 
(with the preceding), G. latifolium Michx. (Biltmore, N. C., the specimens 
kindly furnished by Mr. C. D. Beadle). 


CEPHALANTHUS OCCIDENTALIS (NAUCLEEAE B. et H.) 


The root.—In small shrubs, too young to produce flowers, the 
primary root persists and is quite large; it is of a brownish color 
and measures about 1.5°™ in thickness at the base. At a depth of 
about 9°™ it commences to branch, dividing into a few slender, very 
long branches. Numerous white lateral roots develop on all sides, 
which are very hairy and branch freely. A lateral root of first order 
shows the following structure. Inside the epidermis is an exodermis 
(fig. 1, ex) of thin-walled, pentagonal cells which covers a stratum 
of several cell-layers, a tissue representing cork (fig. 1, p). The 
cortical parenchyma consists of ten strata of thin-walled cells arranged 
radially and with very wide intercellular spaces, sometimes wide 
enough to be called lacunae. Neither starch, crystals, nor raphides 
were observed in the cortex. The innermost layer of the cortex is 
differentiated as a thin-walled endodermis with the Casparyan spots 
plainly visible. A thin-walled pericambium surrounds the leptome 
and hadrome, the primitive structure of which could not be ascer- 
tained since secondary tissues had already become developed; the 
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conjunctive tissue is quite thick-walled, but represents only a minor 
portion of the central cylinder. 

In the capillary lateral roots of second order, in which no increase 
in thickness has taken place, there is only one tangential division of 
the phellogen and only three layers of cortex. The root is hexarch, 
six groups of leptome alternating with six rays of wide vessels, and 
with a central group of thick-walled conjunctive tissue. The develop- 
ment of a phellogen has thus taken place in these roots before the 
increase in thickness of the central cylinder has commenced. 

The formation of cork inside the exodermis seems to be a point 
of interest. In roots of dicotyledons the cork usually develops from 
the pericambium, and DEBary? records only two cases (Clusia and 
Bignonia capreolata) in which the formation of cork takes place 
in the peripheral strata of the primary cortex, as described by VAN 
TizcHEeM.s A similar structure, however, has been detected in 
Artanthe pothifolia, Jasminum humile, and Ruyschia Souroubea by 
Oxtvier.* Since this peculiarity in regard to the superficial develop- 
ment of cork has been obscured in Bignonia, I examined also the 
roots of Tecoma radicans and found the same structure; thus Cephal- 
anthus and Tecoma may be added as examples of this very rare 
structure of roots. 

The stem.—lIn the flower-bearing shoots the leaves are generally 
in whorls of three, and the internodes become obtusely triangular. 
A smooth but thick cuticle covers the small-celled epidermis, which 
is moderately thick-walled, and inside of which several (about six) 
layers of cork are to be observed. Between the phellogen and the 
cortex proper is a broad continuous zone of collenchyma, which con- 
tains much chlorophyll. The cortical parenchyma is here differen- 
tiated into two very distinct zones: a peripheral, of about nine layers 
of large cells with wide, irregular lacunae; and an inner, of about 
eight compact strata of smaller cells, interrupted here and there by 
small, isolated strands of typical stereome. Of these two zones the 


2 Vergleichende Anatomie, p. 563. 1877. 


3 Recherches sur la symétrie de structure des plantes vasculaires. Ann. Sci. Nat. 
Bot. V. 13:258. 1870. 


4 Recherches sur l’appareil tégumentaire des racines. Ann. Sci. Nat. Bot. VI. 
112124. 1880. 
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peripheral contains chlorophyll, besides calcium-oxalate in the shape 
of crystalline sand. Inside the cortex is the central cylinder, consist- 
ing of a broad zone of leptome, some strata of cambium, and many 
rows of vessels separated by narrow medullary rays. The central 
portion of the internode is occupied by a thin-walled but solid pith, 
in which crystalline sand was noticed. 

A somewhat modified structure is to be observed in the shoots of 
younger specimens, which are yet purely vegetative. In these the 
leaves are opposite, not whorled in threes as in the floral shoots, and 
the. outline of the internodes is cylindric. The cuticle is wrinkled, 
and no phellogen is developed; thus the collenchyma borders directly 
on epidermis. The differentiation of the cortex into two zones is not 
so distinct, since the parenchyma is more uniformly developed, more 
compact, and with the cells radially arranged from the periphery to 
the stele, except where it is interrupted by the stereome, which occurs 
in very small, scattered groups. There is no endodermis, and the 
structure of the mestome and pith is identical with that of the floral 
shoots. 

In comparing these internodes of floral and vegetative shoots with 
the slender peduncle that bears the globose inflorescence, it is inter- 
esting to notice that the structure is almost identical, with the excep- 
tion that the number of strata of the various tissues is smaller, that 
no cork is developed, and that bicellular pointed hairs abound. 

The leaf.—The blade shows a bifacial structure. The cuticle is 
somewhat irregularly thickened so as to form striations, especially 
lengthwise (parallel with the midrib). Very characteristic is the 
small-celled epidermis with the radial walls straight on both faces of 
the blade; the stomata, which are confined to the lower face, have 
mostly two subsidiary cells parallel with the stoma (jig. 2), but varia- 
tions are frequent, there being sometimes two subsidiary cells on one 
side of the stoma and only one on the other, or the differentiation of 
the epidermal cells surrounding the stoma may be so slight that no 
typical subsidiary cells are observable. The stomata are level with 
epidermis and the air chamber is quite wide and deep. While the 
upper surface of the blade is glabrous, the lower is hairy with uni- 
and bicellular hairs, which are long, more or less curved, with the 
apex acute, thick-walled, and covered by a striately thickened cuticle. 
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The chlorenchyma is differentiated into a typical and very com- 
pact palisade tissue of two strata, and a pneumatic tissue of oblong 
cells (in transverse section) more or less vertical to the blade and 
with very wide intercellular spaces. The mechanical tissue occurs 
only as collenchyma, which follows the veins and which is best 
developed on the leptome side. A small isolated mass of this 
tissue is also found in the margins of the leaf-blade. The collen- 
chyma is quite thick-walled and is located directly inside the epider- 
mis, but only as isolated masses above and below the nerves, besides 
in the margins. A thin-walled, colorless tissue, which evidently 
represents a water-storage tissue, is amply developed in the midrib 
and the larger secondaries, where it surrounds the mestome com- 
pletely. Crystalline sand was observed in some of the cells of this 
tissue. 

The mestome strands are all collateral, but the arrangement of 
the mestome is somewhat different. The smallest veins show an 
orbicular outline in transverse sections, and they are surrounded by 
a very distinct parenchyma sheath; in these the hadrome is located 
exactly above the leptome. On the other hand, in the midrib or the 
secondaries the mestome is in the shape of an arch with the ends 
curved inward, whose concave face looks toward the upper face 
of the leaf. In this arch the leptome follows the lower face and takes 
part in the curvature of the end; thus actually the leptome becomes 
moved from the lower to the upper portion of the mestome bundle. 
The hadrome is represented by numerous but short rows of vessels 
arranged above the leptome in the middle of the arch, but beneath it 
at the ends. 

The petiole.—The structure is exactly the same as that of the 
midrib in the blade. The single, very broad, and arch-shaped 
mestome strand is located in a mass of colorless parenchyma with 
crystalline sand, and possesses a support of well-developed collen- 
chyma, while chlorenchyma is completely absent. 

The characteristics of Cephalanthus, therefore, are the location of 
the phellogen inside the exodermis of the root; the absence of stereome 
in the leaf; the differentiation of the cortex of the stem into two dis- 
tinct cones interspersed with stereome; and finally the structure of 
the larger veins in the leaf with the arch-shaped mestome strand.. 
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OLDENLANDIA GLOMERATA (HEDYOTIDEAE B. et H.) 


An annual plant and the last of the Rubiaceae to bloom. It 
inhabits wet places on borders of swamps, being associated with 
Hypericum mutilum, Ilysanthes attenuata, Cyperus diandrus, and 
Fimbristylis autumnalis, but is very rare in the District of Columbia. 
The short stem is erect from a decumbent base, and all the leaves, 
which are opposite and short petioled, subtend small cymose inflores- 
cences; the apex of the stem is also terminated by an inflorescence. 
The basal internodes and the hypocotyl soon become bent towards 
the ground, and secondary roots develop freely from the full length 
of the internodes. There are buds in the axils of the cotyledons 
(one at each) which develop into small floral shoots of one or two 
internodes, but so late that their flowers are just beginning to open 
when those of the primary shoot are in fruit. The primary root is 
short, but has many lateral branches. 

The roots.—The main root is hairy and has no exodermis. The 
cortex consists of three strata of very large, thin-walled cells, and the 
endodermis is thin-walled, with the Casparyan spots very distinct. 
The stele showed secondary formations in the leptome and hadrome, 
so that the primitive organization could not be ascertained. The 
lateral and secondary roots, on the other hand, do not increase in 
thickness and remain as diarch. They have long hairs, and show 
the same structure as the primary, but are much thinner. In the 
stele there are two strands of Jeptome, and the center is sometimes 
occupied by a wide vessel or by a small mass of conjunctive tissue. 
In these capillary roots the endodermis and pericambium are thin- 
walled and continuous. 

The stem.—The hypocotyl is cylindric in contrast with the inter- 
nodes above, which are quadrangular, and is perfectly smooth and 
glabrous. A thin-walled epidermis covers a cortex of three strata 
of very large cells in which raphides occur. The innermost layer is 
differentiated as an endodermis, which consists of small, thin-walled 
cells, surrounding the central cylinder. In this the leptome forms 
a closed ring around the hadrome, of which the rays are quite long, 
separated from each other by narrow medullary rays. A thin-walled 
pith occupies the center of the stele. 

The upper internodes are obtusely quadrangular in cross-section, 
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with two slightly convex and two concave faces; pluricellular but 
relatively short hairs are to be observed along the angles. The cuticle 
is quite thick and shows longitudinal striations. The epidermis con- 
sists of rather large cells, with the outer wall somewhat thickened; 
there are several stomata of the same structure as those of the leaf, 
but the lateral walls of the subsidiary cells are straight, not undulate. 
Several of the epidermal cells contain large druids. 

There is no collenchyma and no stereome, the cortex thus forming 
an uninterrupted cylinder around the stele. The cortex consists of six 
layers in the angles, and of four between them; it is a very thin-walled 
parenchyma of quite large cells with wide intercellular spaces. It 
contains chlorophyll, raphides, and druids of calcium oxalate. An 
endodermis of small, thin-walled cells, with the Casparyan spots very 
distinct, surrounds the stele of collateral mestome strands. In these 
the leptome forms an almost confluent zone, while narrow rays of 
parenchyma (one or two rows) separate the short hadromatic rays 
with only two or three vessels in each row. The greater portion of 
the central cylinder is occupied by the pith, which is thin-walled but 
solid, and in which druids are frequent. 

Druids were thus observed in the parenchyma tissues as well as 
in the epidermis, and they are very conspicuous on account of their 
unusually large size. 

The leaf.—The structure is bifacial, with the stomata confined 
to the lower face, and with the chlorenchyma differentiated into a 
typical pneumatic and a palisade tissue. 

The cuticle is thin and smooth except where it covers the hairs 
and the midvein of the lower surface of the blade, where it shows a 
distinct wrinkling longitudinally. Viewed en face the laterai cell 
walls of the epidermis are undulate on both faces, and the stomata 
have two subsidiary cells, the lateral walls of which are frequently 
undulate like the others. Hairs are frequent above and below the 
larger veins; they are pluricellular, with mostly four cells in one 
row and the apical one pointed; the cell walls are rather thin. 
Along the margins of the blade the hairs are more frequent, but 
much shorter, consisting of only one or two cells. Viewed in trans- 
verse section, the leaf is perfectly smooth on the upper face, but on 
the lower the midrib forms an obtuse keel. The epidermis is thin- 
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walled on both faces, except below the midrib, where the outer walls 
become moderately thickened; a difference in regard to the lumen 
of the cells is very distinct, that of the ventral face being considerably 
wider than that of the dorsal. The stomata are slightly raised, and 
the air chamber is wide and deep. 

A small water-storage tissue of two strata separates the epidermis 
from the parenchyma sheath of the median mestome strand on the 
dorsal face; on the ventral face this tissue is represented only by 
two or three cells underneath the epidermis and bordering on the 
parenchyma sheath. 

The chlorenchyma, as already stated, is composed of two strata 
of palisade tissue on the ventral, and of pneumatic tissue on the 
dorsal. Of these the former is not quite typically developed, since the 
cells are rather low and broad. The pneumatic tissue is very open, 
the cells being irregular and branched, with wide intercellular spaces; 
cells with raphides. are frequent in this tissue. There is neither col- 
lenchyma nor stereome in the leaves, and the parenchyma sheaths 
of the collateral mestome strands are thin-walled and the cells large. 
The midvein has a broad group of leptome and hadrome with nar- 
row vessels, and is partly surrounded by the water-storage tissue. 

The stipules.—The stipules in Oldenlandia are extended into two 
setae, which are terminated by a short, unicellular hair; while the 
margins bear a few (mostly three) much longer and pluricellular 
hairs, such as those described above from the stem. At the base of 
the petiole, but only on the ventral face, glandular hairs were observed. 
These have a very short stalk and resemble those of Houstonia (fig. 6); 
they are arranged in two small clusters, one on each side of the 
axillary bud, but without extending to the stipules. 

The characteristics of the genus are the complete absence of col- 
lenchyma and stereome from the stem and leaves; the occurrence of 
very large druids of calcium oxalate in epidermis, cortex, and pith of 
the stem; also the pluricellular, pointed, and glandular hairs. But 
neither stem nor leaves indicate in their structure that the plant is a 
hydrophyte, any more than do the species of Houstonia. 


HOUSTONIA COERULEA (HEDYOTIDEAE B. et H.) 


The species is herbaceous, but perennial. The primary root is 
of short duration and soon becomes replaced by a number of secondary 
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roots which develop from the nodes (between the two leaves) and from 
the internodes. A small rosette of green leaves appears at the end 
of the first season, and this little shoot is the only portion of the 
seedling that winters over; it is developed from the axil of one of 
the basal leaves, and consists of a short, but very distinct, internode 
above ground and is terminated by a rosette of leaves, all opposite 
and with the internodes hardly perceivable. During the next spring 
an inflorescence becomes developed terminating the shoot; while at 
the same time numerous buds become visible in the axils of the leaves 
of the rosette, each producing a short decumbent stolon of one or 
two internodes, terminated by a dense rosette of green leaves. The 
stolons being above ground, all the leaves possess distinct petioles 
and blades. Secondary roots appear, as described above, at various 
places; they are very thin, of whitish color, and branch freely. The 
lateral shoot thus represents two stages of growth: a purely vegetative 
one during the winter, and a floral one during the next spring; while 
the primary shoot of the seedling blooms without being preceded by 
other leaves than those at the base of its own stem, including the 
cotyledons. Our species thus resembles an annual plant in blooming 
in the first year; a biennial in producing a rosette of leaves to winter 
over and to become terminated by an inflorescence in the next year; 
and finally it remains as a perennial by the continuous development 
of leafy shoots and inflorescences.’ The inflorescence is a cyme of 
the dichasium type, but relatively few-flowered. These introductory 
remarks are to show that the roots are of short duration, that the 
stolons are above ground, and that the leaves are either cauline or 
basal, the latter constituting an over-wintering rosette. 

The roots.—As stated above, the secondary roots are very slender; 
they are very hairy and the epidermis covers directly a cortical paren- 
chyma of three, thin-walled, compact strata. An endodermis with 
the cell walls moderately thickened surrounds the central cylinder, in 
which the pericambium is continuous and thin-walled. These roots 
are diarch, the two rays of the hadrome meeting in the center, alter- 


5A near ally of H. coerulea is H. serpyllijolia Michx., but in this species the 
vegetative shoots do not develop as rosettes of leaves, since all the internodes are 
stretched, with the leaves remote. In H. rotundifolia Michx. the habitus is much 
the same as in H.. serpyllifolia, but the plant is more robust and the flowers are almost 
sessile and single in the leaf axils. 
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nating with two broad strands of leptome, and no increase in thickness 
takes place. A corresponding structure was observed in the capil- 
lary lateral roots, with the exception that the various tissues are much 
less developed, the cortex consisting of only two layers, the endo- 
dermis being thin-walled and the hadrome being reduced to a very 
few vessels. 

The stolons.—The stretched internode is perfectly glabrous, and 
obtusely quadrangular to almost cylindric. A smooth, quite thick 
cuticle covers the epidermis, which is thick-walled and contains 
chlorophyll. There are four layers of compact cortical parenchyma 
with chlorophyll, and the endodermis is moderately thickened and 
contains starch. The stele is represented by a confluent zone of lep- 
tome and vessels in about five rows, with narrow medullary rays of 
mostly one row of cells. A thin-walled pith occupies the center and 
contains starch, but no raphides were observed. 

The aerial stem.—The long internodes are glabrous, quadrangular, 
and four-winged. In these the cuticle is wrinkled, and the outer cell 
walls of the epidermis are quite thickened. Stomata are frequent; 
they are level with the epidermis and have a wide air chamber. The 
cortical parenchyma consists of four strata between the wings, but of 
eight in them; no mechanical tissue, neither stereome nor collenchyma, 
was observed. A thin-walled endodermis surrounds the collateral 
mestome strands and the pith, which is narrow and very thin-walled. 

The peduncle.—There is here about the same structure as in the 
long internodes, but the outline is simply quadrangular. The cortex 
represents a narrower zone, and the stele consists of several more or 
less separate mestome strands, but in one circle and collateral as 
above; the medullary rays are very distinct and the central pith 
somewhat wider. 

The leaves.—The basal leaves, which winter over, have a very 
distinct petiole and a blade that varies from spatulate to almost 
ovate. Viewed en jace the biade shows a perfectly smooth cuticle, 
and the lateral cell walls of the epidermis undulate on both faces. 
Stomata occur only on the lower face (fig. 7), and they have a pair of 
subsidiary cells parallel with the stoma. Unicellular hairs with the 
cuticle spirally thickened (fig. 5) are to be observed along the margins, 
while bicellular hairs with similar spiral striations are distributed over 
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the upper face of the blade, especially near the apex. Viewed in 
transverse sections the blade shows a typical bifacial structure. The 
epidermis is thin-walled on both faces, but the lumen of the cells is 
considerably wider on the upper than on the lower face; the stomata 
are level with the epidermis. The chlorenchyma is differentiated into 
a palisade tissue of two strata and a pneumatic tissue of four layers; 
the latter tissue is very open and the cells are oblong to almost round- 
ish, with wide intercellular spaces. Neither collenchyma nor stere- 
ome was observed; thus the mestome strands are located directly 
in the chlorenchyma; they are collateral and are surrounded by a 
green parenchyma sheath. ‘The blade thus exhibits a very weak and 
simple structure. 

The petiole is hairy at the base from pluricellular glandular hairs 
(jig. 6), but otherwise it is perfectly glabrous. It is triangular in 
cross-section. The cuticle is somewhat wrinkled, and the epidermis 
consists of large, thin-walled cells. A compact, chlorophyll-bearing 
parenchyma surrounds a single central mestome bundle, which is 
orbicular in transverse section and shows a very distinct, thin-walled 
endodermis. 

The stem leaves are sessilé, very narrow, and scabrous along the 
margins from unicellular, prickle-like, and curved projections of the 
epidermis. Glandular hairs (fig. 6) are frequent along the margins 
of the stipules. The epidermis of the upper face shows a very pro- 
nounced striation of the cuticle (fig. 4); the lateral cell walls are undu- 
late on both faces, and stomata with one pair of subsidiary cells were 
observed in equal number on both faces of the blade. While the 
cuticular striations appear as radiating from the center of the epi- 
dermal cells on the upper face, the striae on the lower face are parallel 
with the longitudinal axis of the leaf. In transverse sections the outer 


cell wall of the epidermis is moderately thickened and shows the 


elevated cuticle very distinct on the upper face (fig. 3). Otherwise 
the structure is identical with that of the basal leaves and shows the 
absence of mechanical tissues; the chlorenchyma, however, is less 
developed, there being only one layer of palisades, and the pneu- 
matic tissue is composed of very irregularly shaped cells with wider 
intercellular spaces and contains raphides. 

The characteristics of H. coerulea, therefore, are the lack of col- 
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lenchyma and stereome in the organs examined; the glandular hairs; 
the striate cuticle; and the presence of stomata on both faces of the 
cauline leaves. 

HoUSTONIA PURPUREA 

The rhizome is very short and condensed, being merely repre- 
sented by short internodes, the basal portion of aerial shoots. Several 
axillary buds occur on these subterranean stem portions, and some 
of these develop during the fall into small rosettes of leaves with dis- 
tinct petioles and green, almost glabrous, elliptical blades. Second- 
ary roots occur in pairs at the nodes, between the leaves, and in addi- 
tion other roots are formed near the middle of the subterranean 
internodes. 

The roots.—The secondary roots are very slender, sparingly 
branched, and not very hairy. Their structure agrees in all essential 
points with those of the preceding species, but they differ in showing 
a slight increase in thickness, due to the development of cambial 
strata in the stele itself, but without influencing the structure of the 
peripheral strata from endodermis to epidermis. It appears as if 
the secondary formations are confined to the leptome and hadrome, 
and that they are of short duration, the roots persisting only for one 
or two seasons. The capillary lateral roots are diarch, with two 
vessels in the center and two broad groups of leptome. 

The aerial stem.—The basal internodes are quadrangular, with 
the angles produced into short and very narrow wings. The cuticle 
is wrinkled longitudinally and quite thick. Unicellular, obtuse, and 
somewhat bent hairs are frequent; they are thick-walled and show 
longitudinal (not spiral) striae of the cuticle. Viewed en face the 
cells of the epidermis are rectangular, and the stomata have one pair 
of subsidiary cells parallel with the stoma. The outer and inner 
wall of the epidermis is thickened, but not the radial. Inside the 
epidermis is a cortex with chlorophyll and raphides, but there is no 
collenchyma, not even in the wings. The strata of the cortex are 
arranged very regularly in rays toward the center, and the innermost 
layer is differentiated as a thin-walled endodermis, with the Casparyan 
spots plainly visible. Directly bordering on the endodermis is an 
almost continuous band of leptome and hadrome with very narrow 
medullary rays. The central pith is solid but thin-walled, and con- 
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tains raphides but no starch. This same structure is to be observed 
in the upper internodes except that the outline becomes more sharply 
four-winged as the cortical parenchyma in the wings becomes collen- 
chymatic, and the hairs are more abundant. 

The peduncle of the flower, however, is not quadrangular, but 
cylindric, and the hairs are reduced to mere papillae, which are 
exceedingly numerous. There is no stereome and no collenchyma; 
the cortical parenchyma is thin-walled, very compact, and the endo- 
dermis consists of much larger cells than observed in the internodes. 
The structure of the central cylinder is the same. 

The leaves.—The over-wintering leaves are petiolate; the petiole 
is triangular in outline and covered by a wrinkled cuticle. The epi- 
dermis is moderately thickened on the ventral face, but thin-walled 
on the dorsal. A thin-walled chlorenchyma with very little chloro- 
phyll and raphides surrounds three veins, the median of which is the 
largest; it is crescent-shaped and contains a collateral mestome 
strand surrounded by a thin-walled, colorless parenchyma sheath. 
The lateral veins are much smaller and round in transverse section. 
The blades of these basal leaves are sparingly hairy on the upper 
face from short, unicellular, obtuse hairs with very distinct longi- 
tudinal ridges of cuticle; but where the cuticle covers the ordinary 
cells of the epidermis (not the hairs) on the upper face we meet with 
a corresponding striation as observed in H. coerulea (fig. 9A). The 
lateral cell walls of the epidermis are undulate on both faces, especially 
on the lower, and it seems characteristic of this species (when com- 
pared with H. coerulea) that the lateral walls show local thickenings 
(jfigs.g and 9A). This structure I observed, also, and much farther 
developed in Mitchella, where it will be described more particularly. 
Stomata occur only on the lower face and show the same structure 
as those of H. coerulea. There is a typical palisade tissue of two 
layers, and a very open pneumatic tissue with the cells oblong and 
parallel with the leaf surface. The mestome strands are surrounded 
by parenchyma sheaths, but have no mechanical support, neither of 
collenchyma nor of stereome. 

The stem leaves are sessile and their structure differs somewhat 
from that of the basal leaves. For instance, the cuticle does not 
show the stellate striations, and bicellular hairs (fig. 8) abound on 
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the upper face and along the margins, also along the veins on the 
lower face; moreover the lateral walls of the epidermis are straight, 
not undulate, on the upper face and do not show local thickenings. 
Cells with raphides are frequent in the pneumatic tissue, and a col- 
lenchymatic tissue occurs on the leptome side of the midrib. All the 
mestome bundles are collateral, and the median is the largest. Gland- 
ular hairs like those described and figured for H. coerulea were 
observed along the margins of the stipules. 

The characteristics of this species are the local thickenings of the 
lateral cell walls of the epidermis of the leaves, and the presence of 
collenchyma, which seems to be absent in H. coerulea. 


MITCHELLA REPENS (ANTHOSPERMEAE B. et H.) 


In systematic works Mitchella is generally called an herb; “a 
smooth and trailing small evergreen herb” in the 6th edition of 
Gray’s Manual, or “‘a small creeping evergreen” in GRAY’s Synopii- 
cal Flora. By NUTTALL it was considered as “an herbaceous repent 
evergreen;” BrNTHAM and HooKER describe it as “herba repens,” 
with no allusion to the leaves being evergreen; while Linnaea in this 
same work (Gen. Plant.) is characterized as “‘fruticulus repens, sem- 
pervirens.” Finally ScHumMANN (Natiirl. Pflanzenjam.) describes 
Mitchella as “kriechende Kriuter” (M. repens and M. undulata); 
while in this same work Linnaea borealis is called “niederliegende 
Striuchlein.”’ Linnaea and Mitchella are both evergreen and both 
possess creeping, woody stems. MITCHELL, who was the first to 
describe our plant, called it Chamaedaphne, which shows that he 
had the correct impression of the plant as being an “undershrub” 
and not an “herb.”’ Moreover, a plant cannot at the same time be 
an herb and an evergreen, and Mitchella is an undershrub in exactly 
the same sense as is Linnaea. 

The stems are creeping, and the roots develop usually near the 
nodes and often two together, or commonly they develop from one 
to three at some distance from the nodes, and mostly from the lower 
face of the internode; the color of the roots is yellowish or light brown. 
All the internodes are stretched, and the opposite leaves have distinct 
petioles and green blades, the outline of which may vary from ovate 
to almost orbicular; no scale-like leaves develop in any place on the 
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floral or vegetative shoots. Very frequently some very long and purely 
vegetative shoots are to be observed in mature specimens, and from 
these develop lateral (axillary) floral shoots, which generally are quite 
short and bear only a few pairs of leaves, very often only two, though 
four or five are not uncommon. Whether the vegetative shoots stay 
as “vegetative,” the ramification thus being monopodial, I am not 
in a position to state. As a matter of fact, it seems very difficult to 
make out the ramification of Mitchella, even where it occurs in 
abundance. ‘The difficulty lies in the fact that the younger stages 
are hard to find and the adult specimens always appear as if they 
were not entirely complete. Injury to the shoots, for instance, might 
be the cause of arresting the buds in their farther and normal develop- 
ment. 

The shoots of Mitchella, however, appear to be somewhat uniform, 
since their foliage is identical; and not as in Linnaea, where small, 
scale-like leaves occur, and the over-wintering buds are of two kinds. 
The ramification of Linnaea is doubtless much more complicated 
than that of Mitchella, but nevertheless it would be interesting to 
know exactly the behavior of the latter, how the shoots develop in 
young individuals, and esyfecially how soon the stem becomes creep- 
ing.° 

The roots.—The secondary roots are relatively short, but they 
ramify freely, and they remain active for several years. They are 
hairy and possess an exodermis of the same structure as epidermis. 
The cortical parenchyma is compact and consists of about three 
strata with the cell walls moderately thickened throughout; the 
endodermis, on the other hand, is thin-walled and small-celled; cells 


© Professor WiTTROCK has presented a most excellent sketch of the biology of 
Linnaea borealis in Botaniska Notiser (1878-79), and calls attention to the fact that 
the earliest stages are yet unknown. In order to comprehend fully the morphology 
of Linnaea the following questions must be answered: (1) When does the main stem 
become decumbent? (2) Is the main stem a direct continuation of the primary axis, 
or is it developed from an axillary bud? (3) How soon does the ramification begin ? 
(4) When does it commence to bloom? (5) Does the primary root stay unbranched, 
and how does it remain active? (6) When do the secondary roots develop? These 
questions may apply to Mitchella also, and I may at the same time quote another 
paper on Linnaea by Dr. SERNANDER (Bot. Not. 1891: 225), in which these questions 
have been discussed and several additional observations recorded. (See also ARE- 
scHouc Bot. Not. 1879: 1.) 
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containing raphides occur in the cortex proper. The pericambium 
is thin-walled and continuous. Secondary formations take place at an 
early stage of these roots and thus the primary structure is obscured; 
the leptome occurs as several broad strands outside a much broader 
zone of hadrome, with many rows of vessels and thick-walled con- 
junctive tissue. 

While studying the roots I noticed the peculiar fact that in some 
of these the lateral branches did not penetrate the cortex at once, 
but remained enclosed for some distance, thus traversing the cortical 
parenchyma although fully developed. The structure of these, how- 
ever, was normal and they were developed from the pericambium. 
Such cases were merely exceptional, however, but may nevertheless 
deserve mention. Similar structures have been recorded for Car- 
pocephalus and Eriocaulon.’ 

The stem.—An internode from a long, vegetative shoot of the 
previous year is cylindric, though somewhat flattened on account of 
its horizontal direction of growth, and it is very smooth. The cuticle 
is wrinkled, and the epidermis is quite thick-walled; hairs and stomata 
occur, but they are not frequent. Tannin was observed in the epi- 
dermis, also in the peripheral strata of the cortex, which is thin-walled 
and compact, contains raphides, and occupies the greater portion of 
the cross-section. A thin-walled endodermis, with the Casparyan 
spots plainly visible, surrounds the central cylinder. In the outer- 
most stratum of this, thus bordering directly on the endodermis, I 
noticed about four very thick-walled cells, which resembled stereome 
but which proved to be secretory cells like those recorded by SOLERE- 
DER as characteristic of Mussaenda, Isertia, Cinchona, and a few 
other genera; they are quite long and very thick-walled. The stele 
consists of many leptome strands and broad rows of vessels with nar- 
row (one single row) medullary rays, while the center is occupied 
by a thick-walled, solid pith. 

In shoots of this year’s growth the structure is the same, but cells 
containing raphides are more abundant, and the stele shows its 
primary structure more distinctly, with the leptome and hadrome 
arranged in two large groups on the sides of the flattened internodes. 

The erect shoots are strictly cylindric in outline, but show the 


7 Hom, T., Eriocaulon decangulare L. Bot. GAZETTE 31:20. 1901. 
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same structure as the horizontal; however, they are more hairy and 
the cortex contains chlorophyll and raphides. In the first year of 
growth these shoots have no thick-walled secretory cells, and although 
the leptome constitutes an uninterrupted zone, the hadrome forms 
only two arches, separated from each other by two very broad rays 
of parenchyma. ‘The stems of Mitchella increase very little in thick- 
ness, but they are woody and persist, as stated above, for several 
years. 

The leaf-blade.—The cuticle is not very thick, but distinct; it is 
smooth on the lower face of the blade, except below the midrib, but 
wrinkled on the upper. The structure of the epidermis is somewhat 
peculiar. Viewed en face the lateral cell walls are very prominently 
undulate on both faces (fig. 10); besides that, local thickenings of 
these cell walls are very conspicuous. A transverse section (fig. 11) 
shows this structure perhaps more clearly, and the thickenings are 
seen to extend from the outer cell wall to the inner as columns. 
Whether this structure be common or not, it has not been recorded 
as characteristic of any of the Rubiaceae in the work of SOLEREDER. 
It was first described and figured apparently by Mount in the leaf 
of Helleborus foetidus, which also is an evergreen. However, it does 
not seem as if this particular structure is characteristic of plants 
with persisting leaves, since LALANNE,? who examined several genera 
of various families, does not mention any cases similar to the one 
described above. But in a paper by GODFRIN’® a somewhat analo- 
gous structure is mentioned as occurring in the cotyledons of Aesculus 
Hippocastanum and Acer platanoides; and P&E-LABy" records a 
similar case from the cotyledons of Mimosa pudica; the thickenings, 
however, do not extend to the bottom of the cell in these instances, 
but only to the middle. 

The outer cell wall of the epidermis is moderately thickened on 


8 Mont, Huco von, Grundziige der Anatomie und Physiologie der vegetabilischen 
Zelle. Braunschweig. 1851. p. 14. 


° LALANNE, GASTON, Recherches sur les caractéres anatomiques des feuilles per- 
sistantes des Dicotylédones. Bordeaux. 1890. 


10 GODFRIN, J., Recherches sur l’anatomie comparée des cotylédons et de l’albumen. 
Ann. Sci. Nat. Bot. VI. 19:90. 1884. 


tr P£E-LABy, E., Recherches sur l’anatomie comparée des cotylédons et des 
feuilles des Dicotylédones. Toulouse. 1892. p. 19. 
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both faces of the blade, and the lumen of the cells is much wider on 
the upper than on the lower face. The stomata (figs. 12, 13), which 
are confined to the lower face, are level with the epidermis; they have 
mostly two subsidiary cells parallel with the stoma and the air 
chamber is wide, but shallow. No hairs were observed. The chlor- 
enchyma is differentiated into a palisade tissue of two strata and a 
pneumatic tissue of four layers with broad intercellular spaces (fig. 14). 
Cells with raphides were observed in the palisade tissue, whose cells 
diminish in size above the larger veins and become roundish. An 
almost colorless tissue surrounds the midrib completely and is col- 
lenchymatically thickened below this, but otherwise the veins have 
no mechanical support, since no stereome is developed. ‘The mes- 
tome strands are collateral, and the median is very broad, with a large 
group of leptome and about three rows of vessels; a thin-walled 
parenchyma sheath surrounds each mestome bundle. 

The petiole.—The cuticle is wrinkled and the outer walls of the 
epidermis moderately thickened. Very thick-walled bicellular hairs 
occur along the sides of the petiole, while at the base, and especially 
upon the inner face, numerous glandular hairs (fig. 14, b) were 
observed. Similar hairs were also found along the upper margins 
of the minute stipules. The chlorenchyma is quite open and con- 
tains only a little chlorophyll, but many raphides. A single, broad 
mestome bundle occupies the center; it is collateral and surrounded 
by a colorless, thin-walled sheath. The local thickenings of epider- 
mis observed in the blade do not occur in the petiole. 

The characteristics of Mitchella, therefore, are the structure of 
the epidermis of the leaf-blade; the long and slender glandular hairs; 
and the secretory, thick-walled cells inside the endodermis of the 
stem. The peculiarity noticed in some of the roots, where the lateral 
branches remain enclosed within the cortex for some time, is hardly 
to be considered as characteristic of the genus, since it was not found 
to be constant. 


DIODIA TERES (SPERMACOCEAE B. et H.) 


A seedling is shown in fig. 15. The primary root is quite long, 
sparingly hairy, and the lateral branches short. The hypocotyl is 
very distinct, erect and hairy, especially above, and the epigeic coty- 
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ledons are sessile (fig. 16) and hairy near the base on both faces; 
the stipules are represented by two linear, very small lobes, which 
bear very long and sharply pointed hairs. The leaves succeeding 
the cotyledons show the typical shape of the species and the stipules 
consist of several linear, hairy lobes. In mature specimens, which 
are annual, the primary root becomes very strong and woody; the 
main stem is erect, with many horizontal or ascending lateral branches, 
and the rigid, scabrous leaves are sessile and horizontal. 

The roots.—The primary root shows secondary formations at an 
early stage, so that the primitive organization of the stele becomes 
obliterated. The epidermis, the cortex, and the endodermis become 
thrown off, and a cork of about four strata is developed from the 
pericambium; a large mass of leptome, hadrome, and thick-walled 
conjunctive tissue occupies the greater portion of the cross-section. In 
lateral roots of the first order epidermis is partly thrown off and there 
is no exodermis. The cortical parenchyma consists of four layers 
of large, thin-walled cells; the endodermis is also thin-walled and 
shows the Casparyan spots very plainly. Divisions have commenced 
to take place in the pericambium, and arches of cambium inside the 
leptome and outside the proto-hadrome have developed. The primi- 
tive structure is yet observable, there being five rays of hadrome 
alternating with five groups of leptome. 

The lateral roots of the second order are capillary and show no 
increase in thickness. The epidermis is hairy and covers directly 
the cortex of two layers of very large, thin-walled cells. The endo- 
dermis is thin-walled, and the pericambium, which is continuous, sur- 
rounds two groups of leptome and one diametric row of narrow 
vessels. 

The stem.—Numerous bicellular and rather thin-walled pointed 
hairs cover the stem from apex to base; the outline of the internodes 
is obtusely quadrangular, with two concave and two slightly convex 
faces. The cuticle is very distinctly wrinkled except over the hairs, 
where it is perfectly smooth. The epidermis is moderately thickened 
on the outer cell walls, and stomata are quite frequent. A few strata 
of collenchyma in a continuous zone separate the epidermis from 
the cortex, which consists of about four layers with narrow intercellular 
spaces. Chlorophyll was observed in the cortex, though in small 
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quantity. The innermost layer of the cortical parenchyma is differ- 
entiated as an endodermis (fig. 21, end), in which the inner and 
radial walls are very heavily thickened. The central cylinder con- 
‘ tains a closed ring of leptome and about four rows of very narrow 
scalariform vessels and medullary rays of but one row between each 
two mestome strands. A thin-walled, solid pith occupies the center 
of the stem. Cells with raphides are frequent in the stem, but it 
seems as if they are confined to the cortex. 

The leaves.—As mentioned above, the leaves are held in a hori- 
zontal position, but nevertheless their structure is almost isolateral, 
so far as the distribution of stomata and the differentiation of chloren- 
chyma are concerned. The cuticle is quite thick and smooth on 
both faces of the blade except the midrib, where it shows prominent 
longitudinal striations. Viewed en face the epidermis consists of 
pentagonal or hexagonal cells on the upper face, but of more irregular 
cells on the lower; the lateral cell walls are straight and not undu- 
late in any part of the leaf. The stomata are most frequent on the 
dorsal face (fig. 19); the subsidiary cells, normally one pair, some- 
times occur one on one side of the stoma and two on the other side, 
but all parallel with the stoma (fig. 20). Similar irregularities were 
also noticed in some of the other Rubiaceae examined, as may be 
seen from my figures. Epidermal projections abound in Diodia; 
the most common are small warts (figs. 17 and 18) developed merely 
as protuberances of the outer cell wall; they are very minute, but so 
numerous that they render the leaves scabrous. Unicellular, rather 
thin-walled, pointed hairs are also frequent (fig. 19) on both faces of 
the blade; and along the margins are curved, thick-walled, spine- 
like projections of exactly the same structure as those well known 
on the leaves of Gramineae and Cyperaceae (fig. 18). 

A cross-section of the leaf shows a large-celled epidermis on both 
faces, with the outer wall slightly thickened on the upper; the warts 
appear most numerous on the upper face. The position of the sto- 
mata differs on the two surfaces, being raised on the lower and level 
with the epidermis on the upper. The midvein shows a prominent 
group of collenchyma and thin-walled water-storage tissue on the 
leptome side, while no collenchyma was observed above the hadrome. 
An isolated strand of collenchyma occurs also in the margins of the 
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leaf, but none accompanies the smaller veins. No stereome is 
present in the leaf. The chlorenchyma is quite compact throughout 
and is differentiated into a typical palisade tissue of two strata on 
the upper face of the blade and around the nerves. Between the 
nerves on the lower face of the blade the chlorenchyma consists of 
a pneumatic tissue of more or less oblong cells, with the intercellular 
spaces quite distinct but not so wide as in the other genera examined; 
raphides were observed in the pneumatic tissue, but not many among 
the palisades. 

The mestome strands are collateral and surrounded by a very 
large celled and thin-walled parenchyma sheath, some of whose cells 
contain tannin; the midrib is the largest and its outline in cross- 
section is oval, while the others are much thinner and orbicular. 
The venation of the leaf is difficult to observe without sepa- 
rating the chlorenchyma from the veins, since the cross veins 
(secondaries) are so exceedingly thin and completely surrounded 
by chlorenchyma. ‘The cross-veins are so numerous, indeed, that a 
transverse section of the blade shows their parenchyma sheaths so 
distinct “longitudinally” that the leaf is almost divided by them into 
two zones. ° 

The stipules are divided into several bristles, which are termi- 
nated by a pointed hair, and a few (mostly three) glandular hairs 
occur at the base between the bristles; the structure of these glandu- 
lar hairs is like those of Houstonia (fig. 6), but the stalk is much 
longer in Diodia. According to WARMING,'? D. radicans Cham. et 
Schl. possesses dorsiventral leaves with the pneumatic tissue con- 
sisting of stellate cells with very wide intercellular spaces; moreover, 
the stomata, which are said to have no subsidiary cells, are confined 
to the dorsal face; hence the leaf is strictly dorsiventral. 

Diodia teres, therefore, shows the following points of interest: the 
structure of the epidermis of the leaves; the approximately isolateral 
blade with stomata on both faces and with the palisade tissue partly 
extending to the dorsal epidermis; and the scant development of col- 
lenchyma and total absence of stereome in the leaves as well as in 
the internodes. 


12 Halofyt-Studier. Kgl. Danske Vid. Selsk. Skr. VI. 8:187. 1897. 
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Gauium (GALIEAE B. et H.) 

WyDLER*™ has described the seedling and the structure of the 
shoots in several species of Galium. His paper contains many points 
of interest, for instance that the axes of first order in G. cruciata do 
not become terminated by inflorescences, and that accessory buds 
are frequent in European species. The seedlings of G. saccharatum 
and of G. Aparine are figured and described by LuBBocK."4 


G. PILOSUM 

Seedlings with the first two or three internodes developed may 
be found in the early part of May. The primary root (fig. 22, r) 
is quite long and branches freely, and is of a yellowish-brown color. 
The hypocotyl (fig. 22, 2) is very distinct and bears epigeic, petiolate 
cotyledons with broad blades (fig. 23). While the hypocotyl is cylin- 
dric and glabrous, the succeeding internodes are quadrangular and 
hairy. 

During the first season the hypocotyl becomes bent toward the 
surface of the ground and secondary roots commence to develop on 
all sides. The primary root continues to grow in length as well as 
in thickness. At the end of the first season the primary shoot above 
the cotyledons dies off, the hypocotyl thus being the oaly portion of 
the primary axis above ground that remains and winters over. At 
this stage, however, two minute buds become visible in the axils of 
the cotyledons, which in the next spring grow out into leafy shoots. 
Our species is a perennial herb, whose shoots die down to the ground 
every fall, while the buds in the axils of the basal leaves winter over, 
and the same mode of growth is repeated. I have never observed 
more than one bud in each axil, this species differing in this respect 
from those studied by WYDLER. 

In full-grown, fruiting specimens of G. pilosum the primary root 
persists as a slender, woody taproot of a yellowish-brown color, which 
changes to a brilliant red when preserved in alcohol. There are many 
quite strong lateral roots and secondary ones, which develop very 
freely from the basal internodes of the stem. No real rhizome 
becomes developed; the persisting stem bases with their buds and 

13 Kleinere Beitrage zur Kenntniss einheimischer Gewachse. Flora 43:492. 1860. 

14 Seedlings 2:59. 1892. 
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the primary root are the only underground organs that winter over, 
and by which the future development of aerial floral shoots is secured. 
The term “ pseudo-rhizome”’ seems very applicable to the subter- 
ranean stem of this and other species of the genus. It was originally 
suggested by HJALMAR Nitsson’s and intended for herbs “in which 
the basal, subterranean portion does not die off with the aerial, but 
stays active and produces a floral shoot the succeeding year by means 
of a lateral bud; and in which this basal portion becomes able 
to increase in thickness and to nourish the over-wintering bud, and 
also to develop secondary roots; such a subterranean stem represents 
a pseudo-rhizome.” 

The roots.—The primary root persists for several years, and evi- 
dently as long as the individual lives. During the first season second- 
ary formations in the stele commence, but the growth is rather slow 
and causes neither the cortex nor the epidermis to be thrown off. 
The epidermis thus remains intact, is slightly thickened on the outer 
cell walls, and is almost glabrous. There is no exodermis, and the 
cortex represents a compact tissue of about five strata in which cells 
with raphides are scattered. The endodermis is thin-walled and 
readily distinguished by theesmall lumen of the cells when compared 
with those of the adjoining cortex. The pericambium is also thin- 
walled and continuous and does not yet (August) show any cell 
division; but there are additional vessels inside the leptome, so that 
the primitive structure of the stele is no longer to be observed; the 
medullary rays are very narrow, consisting only of one row of cells. 

The lateral roots of the first order are almost capillary, and the 
thin-walled epidermis shows many hairs. The cortical parenchyma 
is very thin-walled and the cells large. A thin-walled endodermis 
and pericambium surround two groups of leptome and two very 
narrow vessels in one diametrical plane. 

While studying the structure of the primary root of a number of 
specimens I noticed the same peculiarity as in Mitchella, that the 
lateral roots stay for some time enclosed within the cortex, which 
they traverse longitudinally; this peculiarity was noticed in several 
cases, but not frequently enough to make me believe that it is char- 
acteristic of this particular species. 


15 Dikotyla jordstammar. Acta Univ. Lund 19:18. 1882-83. 
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The stem.—The basal internodes are four-winged, and very hairy 
from long, unicellular hairs with the cuticle minutely granular 
(fig. 24); otherwise the cuticle is thick and perfectly smooth. A 
very pronounced thickening with layerings is observable in the outer 
cell wall of epidermis, the stomata are raised a little above the 
adjoining epidermis, and the air chamber is deep but narrow. A 
broad strand of about six layers of very thick-walled collenchyma 
is located in each of the four wings, just beneath epidermis. Viewed 
in longitudinal sections the cells of this collenchyma showed the 
cross walls horizontal to very oblique. The cortex consists of about 
seven strata inside the wings and of only three between them; it is 
thin-walled and quite open on account of the very wide intercellular 
spaces; cells with raphides are frequent in this parenchyma, but no 
starch was observed. The innermost layer is differentiated as a 
thin-walled endodermis, directly bordering on a continuous zone of 
leptome, inside of which is a very broad zone of hadrome with the 
vessels narrow and thick-walled. The center of the stem is occupied 
by a thin-walled pith, mostly broken down in the middle. This 
same structure was observed also in the internodes of the mature 
stems, but not in the lateral axes that bear the inflorescences. In 
these the wings are less distinct and the pith is solid. Finally, in 
the floral peduncle the outline is cylindric and the collenchyma totally 
absent. 

The leaves.—An isolateral structure is characteristic of the coty- 
ledons. The lateral cell walls of the epidermis are undulate on both 
faces, and stomata occur on the dorsal as well as on the ventral face. 
The chlorenchyma is represented by a homogeneous tissue through- 
out, of cells more or less oblong to roundish in transverse section, 
and no palisades were observed. Several of the epidermal cells con- 
tained brown, amorphous clumps of resin, and these secretory cells 
in the cotyledons did not differ from the other cells of epidermis. 
The slender petiole has only one broad mestome bundle in the middle 
and no mechanical tissue. 

The small stem leaves and the foliaceous stipules show the follow- 
ing structure. The cuticle is smooth except above the large epidermal 
cells which contain resin, where it is irregularly thickened so as to 
form striations (fig. 25). Viewed en face the lateral walls of the 
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epidermis are undulate on both faces, and many very large secretory 
cells occur on the dorsal, besides stomata; the latter have mostly 
one pair of subsidiary cells parallel with the stoma; unicellular hairs, 
often with apex hooked, abound on the dorsal face. In transverse 
sections the epidermis appears to be slightly thickened on both faces, 
and the lumen of the cells is somewhat wider on the upper than on 
the lower, excepting the secretory cells, which, as stated above, are 
very large. ‘The stomata are raised, and in the leaves the air cham- 
ber seems constantly to be wide but shallow. 

A chlorenchyma is represented by one layer of palisades on the 
upper face and by three or four strata of very open pneumatic tissue 
on the lower. Three thick-walled layers of collenchyma are located 
on the leptome side of the midrib, inside the epidermis; no stereome 
was observed. A water-storage tissue of thin-walled, colorless cells 
in about five layers in a very broad group cover the leptome, making 
the midrib very prominent on the dorsal face. Neither the collen- 
chyma nor the water-storage tissue was observed at the other nerves. 
Cells containing raphides were only found in the chlorenchyma, 
between the palisades and the pneumatic tissue. All the nerves are 
surrounded by parenchyma sheaths of small, rectangular cells with 
the Casparyan spots very plainly visible, having more the aspect of 
an endodermis than of the usual parenchyma sheath in leaves. The 
midrib is the thickest on account of the very broad collateral mestome 
strand, and because accompanied by collenchyma and water-storage 
tissue. The lateral veins are very thin, and orbicular in cross-section; 
they are collateral and the parenchyma sheath is very distinct as in 
the midvein. 

The characteristics of G. pilosum are the leaf epidermis with 
resiniferous cells and their cuticular striations. Secretory cells in 
epidermis are recorded by SOLEREDER (p. 505) from Rubia, Antho- 
spermum, and Nenax, but not from Galium. They are mentioned 
however, by KEARNEY, who found them in the leaves of G. hispidulum 
Michx.*® The collenchyma is well represented in the stem, but is 
confined to the midrib in the leaves. The coloring matter observed in 
the root is well known in other species of Galium, as well as in Rubia. 


16 Report on a botanical survey of the Dismal Swamp region. Contrib. U. S. 
Nat. Herb. 5:506. rgor. 
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G. TRIFLORUM 

The seeds of this species germinate very early, and seedlings may 
be found in wooded ravines in February. The hypocotyl (fig. 28, h) 
is very long and lies on the ground; the primary root is distinct and 
amply branched. Very characteristic are the large blades of the 
cotyledons and the relatively short petioles. Small shoots are already 
developed in the axils of these, while the primary axis, which is erect, 
shows long, glabrous internodes. During the first season the plant 
thus develops three aerial shoots, which however die down to the 
ground in the fall. The hypocotyl and the primary root do not 
persist, but the base of the two axillary shoots from the cotyledons 
remains alive, and the future growth of the individual is secured by 
small buds in the axils of the basal leaves and some secondary roots 
that winter over. In mature specimens the root system is thus repre- 
sented by secondary roots, and the subterranean stem is a pseudo- 
rhizome like that of the preceding species. 

The roots.—The secondary roots are very long and relatively thick 
and strong; they become glabrous very soon. No exodermis is 
developed, and the cortex, which is very compact, consists of four 
starch-bearing layers. The endodermis and the continuous peri- 
cambium are thin-walled, and the stele shows three leptome strands 
alternating with three rays of hadrome; while the center is occupied 
by a thick-walled conjunctive tissue. It appears as if the increase 
in thickness does not commence until during the winter, when the 
epidermis and the cortex become thrown off. 

The lateral roots are capillary and almost destitute of hairs; there 
is no exodermis and the structure is identical with that of the mother 
root, but they do not increase in thickness. I observed no case 
where these lateral roots remained enclosed within the cortex, as in 
the former species. 

The stem.—The internodes are quadrangular and sharply four- 
winged; unicellular, pointed hairs are common along the wings, ren- 
dering them quite scabrous. The thin cuticle shows longitudinal 
ridges, and the outer cell wall of the epidermis is slightly thickened. 
Broad groups of thick-walled collenchyma are noticeable in the wings, 
but otherwise the stem has no mechanical support. The cortex con- 
sists of about ten layers in the wings, and of three between them; 





180 BOTANICAL GAZETTE [MARCH 


it contains chlorophyll and raphides. A thin-walled endodermis 
surrounds the central cylinder, consisting of a continuous zone of 
leptome, inside of which the vessels are arranged in short rows with 
narrow medullary rays bordering on the central, very thin-walled 
pith. 

The leaves.—The structure is almost isolateral in respect to the 
chlorenchyma. The cuticle is thin and smooth on both faces, and the 
lateral cell walls of the epidermis show a very pronounced undulation 
(jig. 26); the outer cell walls are moderately thickened (fig. 27). 
Unicellular hairs and curved, prickle-like projections are common 
along the margins and the veins on the lower face, but no resiniferous 
cells were observed in this species. The stomata are slightly raised 
and have one pair of subsidiary cells with the lateral walls undulate. 
No palisade tissue is developed, the chlorenchyma being a homo- 
geneous tissue of roundish cells (fig. 30) with distinct intercellular 
spaces, especially near the dorsal epidermis, where cells containing 
raphides are abundant. A small group of collenchyma and a water- 
storage tissue of a few cells cover the leptome side of the midvein. 
The mestome bundles show an orbicular cross-section, and are col- 
lateral; the parenchyma slfeaths show the same structure as observed 
in the preceding species, with the Casparyan spots very plainly visible. 

The structure of G. triflorum thus resembles that of G. pilosum, 
but is generally weaker, the epidermis does not show the resinous 
secretions, and the leaves are almost isolateral. 


G. CIRCAEZANS 


I have not been able to find the seedlings of this species, and must 
therefore confine myself to the mature plant. It is very distinct 
from the two species described above in the relatively long and broad 
leaves and stipules, also in possessing a true rhizome. The stem 
bases persist and buds become developed upon them, some of which 
grow out directly as aerial shoots, while others stay underground, 
producing stolons with stretched internodes and scale-like leaves. 
The primary root does not persist, but becomes replaced by numerous 
secondary roots from the nodes and internodes. 

The roots.—The secondary roots are long, slender, and profusely 
branched; light brown when fresh, but placed in alcohol they attain 
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rapidly a beautiful crimson color. The epidermis is glabrous and 
very small-celled; it covers the cortex directly, there being no exo- 
dermis. The cortex is thin-walled, but compact; no starch was 
observed, but globules of resin occur in some of the cells; it consists 
of about six strata, the innermost of which is differentiated as a small- 
celled, thin-walled endodermis. Secondary formations have changed 
the primitive structure of the stele, which shows a confluent zone of 
leptome and many rows of vessels separated by a few strata of thick- 
walled conjunctive tissue, which extend to the center. 

The lateral roots are also glabrous and have no exodermis. About 
four layers of cortex with raphides border on a thin-walled endoder- 
mis. The pericambium is continuous and surrounds four broad 
groups of leptome alternating with four short rays of hadrome, with 
a central group of thick-walled conjunctive tissue. A lateral root of 
the second order (borne upon the former) is exceedingly thin and 
slightly hairy. In this the cortex consists only of two layers, the 
innermost of which is large-celled, with the cells stretched radially 
and containing raphides. The stele is diarch. 

The stem.—The structure of the stolons is rather weak; the epi- 
dermis and the primary cortex had been thrown off, and the central 
cylinder was merely covered by some layers of cork. This cork was 
evidently developed from endodermis, as in other species of the genus 
and of Rubia, as stated by SOLEREDER (p. 510). The stele is located 
directly inside the cork and consists of a confluent zone of leptome 
separated from the hadrome by strata of cambium. A small pith 
occupies the center of the internode. 

The aerial stem is sharply four-winged, covered by a thin cuticle, 
which is somewhat wrinkled along the wings, but otherwise smooth. 
The epidermis is glabrous and the outer cell wall thickened, especially 
in the wings. Several strata of heavily thickened collenchyma were 
observed beneath epidermis in the wings (jig. 34, coll). The cortical 
parenchyma in the wings consists of about seven compact layers with 
chlorophyll, and of only three between them. The endodermis is 
thin-walled and surrounds the stele, which shows the same structure 
as in the preceding species. 

The leaves.—T he lateral cell walls of the epidermis are prominently 
undulate on both faces, when viewed en face. Cells with resin are 
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frequent, but only on the lower face (jig. 31). The cuticle is wrinkled 
on the upper face, but smooth on the lower, except over the hairs, 
where it is minutely granular. The epidermis is thin-walled; uni- 
cellular, seldom bicellular, hairs cover the lower face, especially the 
nerves; they are quite thick-walled and the apex is pointed and more 
or less curved. The stomata, which are confined to the lower face, 
have two subsidiary cells, one of which is mostly much smaller than 
the other, but they are both parallel with the stoma. A cross-section 
of the leaf (fig. 32) shows the lumen of the epidermis to be about 
the same on both faces; also the structure of the chlorenchyma, which 
~ shows a palisade tissue quite well distinguished from the underlying, 
very open, pneumatic tissue (fig. 33). A small group of collenchyma 
and water-storage tissue is located underneath the median and the 
two lateral mestome bundles. The structure of the veins agrees in all 
respects with that observed in the former species. Besides the secre- 
tory cells in the epidermis, there are in the pneumatic tissue many 
cells containing raphides. 

In G. circaezans the collenchyma reaches a high development in 
the stem, but not in the leaf. The epidermal secretory cells show 
the same structure as those of G. pilosum, but the cuticle is uniformly 
smooth over them, not striate as in G. pilosum. The leaf structure 
is bifacial, even if the palisades are not quite typical. 


G. LATIFOLIUM 

In habitus this species resembles very much the preceding, but 
is more robust, taller, with coarse stems and larger leaves. The 
primary root does not persist, but secondary ones are developed in 
great numbers; they are yellowish-brown, quite thick, and branch 
freely. This species has no true rhizome, but a pseudo-rhizome of 
densely matted basal internodes, that persist for several years. The 
foliage of these over-wintering stem portions is reduced to small, scale- 
like leaves of the same length as the internodes. The aerial shoot 
is stout, with several lateral branches, all of which are terminated 
by inflorescences. 


The roots.—The secondary roots are glabrous, and the epidermis 
is thin-walled. A compact cortex of three strata borders on the endo- 
dermis, of which the cell walls are moderately thickened; the peri- 
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cambium is thin-walled and continuous, with beginning cell division. 
Secondary formations have already commenced in the stele, where 
the primitive structure is no longer observable. A thick-walled con- 
junctive tissue occupies the greater portion of the central cylinder. 
Some of these secondary roots were quite thick, and were evidently 
two years old. The cortical parenchyma was thick-walled and con- 
sisted of ten compact strata, surrounding a very broad stele, in which 
the hadromatic rays were considerably longer than in the other roots. 

The capillary, lateral roots are also without hairs, and they show 
the same structure as the mother root, the only differences being that 
the cortex is smaller and that they do not increase in thickness. 

The stem.—The internodes above ground show the same structure 
as G. circaezans, but the wings are not so sharp (fig. 35); the col- 
lenchyma thus represents a broader group. In the basal internodes 
that winter over, the collenchyma is much reduced (jig. 36), while 
the cortex is frequently more or less thick-walled. 

The leaves.—There is only one point in regard to the internal 
leaf-structure in which this species differs from G. circaezans, namely 
the resiniferous cells in the epidermis. These are much more numer- 
ous and often occur several together, and viewed en face they show 
branches very often, so as to acquire a very irregular outline, instead 
of being merely oblong. Over these cells the cuticle is prominently 
striate, as observed in G. pilosum. The only characteristic feature 
by which this species may be distinguished from the others, therefore, 
depends upon the abundance and much larger lumen of the secre- 
tory cells in the leaves. 

SUMMARY 

According to VESQUE,’? the characteristics of the Rubiaceae are 
the simple hairs; the absence of glandular hairs; the stomata accom- 
panied by at least one pair of subsidiary cells parallel with the stoma ;*® 
the crystals simple, druids, raphides, or as crystalline sand; the 
absence of laticiferous ducts. The peculiar glandular hairs which I 
found in Mitchella and Houstonia are not glandular hairs in the 

t7 Caracttres des principales familles gamopétales tirés de l’anatomie de la 
feuille. Ann. Sci. Nat. Bot. VII. 1:192. 1885. 


18 In accordance with WARMING the stomata of Diodia radicans Cham. et Schl., 
from the sandy shore of St. Thomas, have no subsidiary cells. Halofyt-Studier, p. 187. 
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same sense as this term is generally used. SOLEREDER (p. 504), who 
records them from the stipules of Isertia for instance, calls them 
Driisenzotten, but I am at present unable to suggest any better English 
name than “glandular hairs.”” The other characters enumerated by 
VESQUE are readily recognized in the plants described above. 

The epharmonic variations are also discussed by VESQUE (p. 202), 
but these are not exactly comparable with those observed in our 
plants, since the genera treated by VESQUE are so very different. 
However, the same degree of variation takes place in several instances, 
and we might consider these epharmonic characters as suggested 
by Vesque. Among the epharmonic variations observed in the 
Rubiaceae described above, the following may be enumerated: 

The roots.—The superficial development of cork inside the exo- 
dermis in Cephalanthus; the lack of exodermis in Houstonia, Diodia, 
Oldenlandia, and Galium; the thick-walled cortical parenchyma in 
Mitchella and and G. latifolium. 

The stem.—The presence of stereome in Cephalanthus; the 
development of collenchyma as a continuous zone in the same genus 
and in Diodia; the isolated collenchyma strands in the angles of the 
stem in Houstonia purpurea and Galium; the lack of collenchyma 
in Oldenlandia, H. coerulea, and Mitchella. 

The leaves.—The bifacial structure in Cephalanthus, Oldenlandia, 
Houstonia, Mitchella, Galium circaezans,G. latijolium, and G. pilosum; 
the isolateral structure in Diodia and G. trijlorum; the distribution of 
the stomata on both faces of the (cauline) leaf-blade in H. coerulea 
and Diodia; the presence of epidermal resin cells in G. pilosum, G. 
circaezans, and G. latijolium; the local thickenings of the lateral cell 
walls of the epidermis in Mitchella and H. purpurea; the straight 
rather than undulate lateral cell walls of the epidermis in Cephalan- 
thus, H. purpurea (the cauline on the upper face), and Diodia; the 
cuticular striae radiating from the center of the epidermal cell in H. 
coerulea and H. purpurea; the cuticular spiral striations over the 
hairs in H. coerulea; the wrinkled cuticle above the resin cells in G. 
pilosum and G. latifolium; the granular cuticle over the hairs in G. 
pilosum, G. circaezans, and G. latijolium; the glandular hairs in Olden- 
landia, Houstonia, and Mitchella; the palisade tissue extending to the 
dorsal epidermis in Diodia; the non-development of typical palisades 
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in G. triflorum; the lack of collenchyma in H. coerulea and in the 
over-wintering leaves of H. purpurea; the presence of a water-storage 
tissue, amply represented in Cephalanthus, and only on the leptome 
side of the midrib and larger veins in Galium and Diodia; the endo- 
dermis-like parenchyma sheath in Galium. 

Some of these characters may not be constant. For instance, 
the relative development of the palisade tissue may be different, and 
it would be interesting to know the leaf-structure of Galium iriflorum 
from northern Europe, and of the Japanese Mitchella. 

The family characters, as outlined by VESQUE and SOLEREDER, 
may be augmented, but hardly changed. The family is well repre- 
sented in North America, and an extended study of the southern 
and western species would no doubt give many interesting results. 

# BROOKLAND, D. C. 


EXPLANATION OF PLATES VII-IX 
PLATE VII 
Cephalanthus occidentalis 

Fic. 1. Transverse section of root, showing development of cork; ep, epi- 
dermis; ex, exodermis; ~, phellogen; c, outermost stratum of cortex. X 320. 

Fic. 2. Epidermis of lower face of leaf with stomata. X240. 

Houstonia coerulea 

Fic. 3. Cross-section of stem leaf, showing a cell of epidermis with its cuticle 
from the upper face. X 240. 

Fic. 4. Epidermis from upper face of stem leaf with cuticular striations and 
stomata. 240. 

Fic. 5. Hair from leaf margin with spiral striations of cuticle. < 240. 

Fic. 6. Glandular hair from stipule. x 240. 

Fic. 7. Epidermis with stomata from lower face of basal leaf. X 320. 

Houstonia purpurea 

Fic. 8. Hair from upper face of stem leaf. 240. 

Fic. 9. Epidermis with stomata from lower face of basal leaf. 240. 

Fic. 9A. Epidermis of upper face of basal leaf, showing cuticular striations 
and _ thickenings of the lateral cell walls. X 320. 

Mitchella repens 

Fic. 10. Cells of epidermis from upper face of leaf, viewed en face. 560. 

Fic. 11. Cross-section of leaf, showing epidermis (ep) and part of palisade 
tissue, (p). 560. 

Fic. 12. Epidermis of lower face of leaf, showing the stomata. X 320. 

Fic. 13. Epidermis of lower face of leaf. X 320. 
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Fic. 14. Pneumatic tissue of leaf, viewed en face. 240. 
Fic. 14B. Glandular hair from base of petiole. x 240. 
PLATE VIII 
Diodia teres 
Fic. 15. A seedling; cot, cotyledons; h, hypocotyl; 7, primary root. X2. 
Fic. 16. A cotyledon with stipule. 
Fic. 17. Transverse section of leaf, showing epidermis of upper face with 
protuberances of outer cell wall. X240. 
Fic. 18. Epidermis of leaf margin. X 240. 
Fic. 19. Epidermis of lower face of leaf. x 240. 
Fic. 20. Epidermis of upper face of leaf, showing stomata. 240. 
Fic. 21. Cross-section of stem internode, showing endodermis (end) and 
cortex (c). X240. 
Galium pilosum 
Fic. 22. A seedling; index letters as in fig. 15. X2. 
Fic. 23. A cotyledon. 
Fic. 24. Hair from stem. Xz4o. 


to 


Fic. 25. Epidermis of lower face of leaf, showing stomata and a secretory 
cell with cuticular sfriations. X 240. 
G. triflorum 
Fic. 26. Epidermis of lower face of leaf, showing stomata and undulate 
lateral cell walls. X 320. 
Fic. 27. Transverse section of leaf, showing epidermis and a stoma from 
lower face of blade. X 320. 
PLATE 1X 


Fic. 28. A seedling: index letters as in fig. 15. X2. 
Fic. 29. Hair from midrib. X240. 
Fic. 30. Transverse section of ventral portion of leaf; ep, epidermis; m, 
mesophyll without palisade. X 320. 
G. circaezans 
Fic. 31. Epidermis from lower face of leaf, showing a secretory cell with 
no cuticular striae. 240. 
Fic. 32. Cross-section of leaf; ep, epidermis; , palisade tissue. X 320. 
Fic. 33. Pneumatic tissue viewed en face. X 320. 
Fic. 34. Cross-section of internode, showing one wing; ep, epidermis; coll, 
collenchyma; ¢, cortex. X 320. 
G. latifolium 


Fic. 35. Cross-section of basal (but aerial) internode, showing one of the 
angles; index letters as above. X 320. 

Fic. 36. Cross-section of subterranean internode of an over-wintering shoot; 
index letters as above. X 320. 
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MORPHOLOGY OF THE TRUNK AND DEVELOPMENT 
OF THE MICROSPORANGIUM OF CYCADS 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
XCI 
FRANCES GRACE SMITH 
(WITH PLATE X) 

The original purpose of the investigation recorded in this paper 
was to secure as complete an account of the development of the 
microsporangium of cycads as possible, and especially to discover 
whether the archesporium is several-celled, as indicated by previous 
investigations. In securing staminate strobili at the earliest stage, 
attention was drawn to their successive appearance and the building up 
of the trunk, and the results of these observations have been included. 

The staminate strobili of Ceratozamia mexicana Brogn. (C. 
robusta Miq.) were obtained from the Botanical Gardens of Jena and 
Berlin, and also from Fairmount Park, Philadelphia. A strobilus 
of Encephalartos villosus was obtained from the Botanical Garden 
at Bonn; and most of the strobili of Zamia floridana were sent from 
Miami, Florida, in 1902, 1905, and 1906. No material of Ceratozamia 
was younger than the division of sporogenous cells just preceding 
the mother cells; and the material of Encephalartos showed sporangia 
about to shed the pollen. In Zamia the series is much more com- 
plete than in the other forms. Collections of staminate cones were 
sent from Miami every two or three weeks, from June 1 to September 
18, 1905; then less frequently up to the last of January, 1906, when 
pollination took place. In 1906 further collections of staminate 
and ovulate plants were made, at intervals of ten days, from June 5 
to September 1. These gave stages in the development of the strobili 
as well as of the sporangia. Only in Zamia floridana, therefore, 
has there been any attempt to study the early development of the 
sporangium or strobilus. The other genera have been used for 
comparison in the later stages of sporangium-development. 


I. Morphology of the trunk 


The cycads have a columnar or tuberous trunk, thickly covered 
with scale leaves and old leaf bases. Zamia floridana illustrates a 
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somewhat intermediate type, in which the trunk is a little elongated, 
but still tuberous, the greater part of it being subterranean. The 
strobili of cycads apparently terminate the axis, and this position is 
so distinct from the laterally borne strobili of other gymnosperms 
that it assumes an importance demanding more than the brief state- 
ments given to it in the literature, all of which seem to be based upon 
observations of mature strobili. 

Elongation of the stem by continued growth of the apical meristem 
is shown by all cycads until they begin to bear strobili, and continues 
to be the method of elongation of the ovulate plants of Cycas. In the 
staminate plants of Cycas, and in both staminate and ovulate plants 
of the oiher genera, however, a very different method of elongation 
sets in. This is evident from the fact that cycads live for many years 
after fruiting and produce a succession of crowns, so that the growth 
of the axis has not been stopped; and also from the fact that fre- 
quently more than one strobilus is produced at the summit of the stem, 
as in both ovulate and staminate plants of Zamia. The following 
brief historical sketch will serve to outline the views that have been 
held in reference to the relation of the strobili to the stem axis. 

MiQuEL (1) does not commit himself to any theory as to the mode 
of branching. He finds the cones are elongated axes of the stem in 
Cycas, Macrozamia, and Encephalartos, but “perchance lateral 
axes, as in Zamia.” 

KARSTEN (2) states that “the flowers appear in Zamia muricata 
on the same stem, one after another,” implying sympodial branching. 

DeBary (3) gives an instance of monopodial branching in con- 
nection with a staminate strobilus of Cycas Rumphii. At first the 
strobilus occupied a terminal position, but a vegetative point was 
found at its base. Later, when the strobilus had matured and had 
been cut off, the vegetative point assumed the terminal position; 
but because the strobilus showed a depression upon the side toward 
the vegetative"point and the leaves of this point were stunted, DEBARY 
inferred that the staminate strobilus was really axillary, and that the 
vegetative point had been stunted and forced out of position. He 
gives the other possibility, namely, that the strobilus is really a ter- 
minal structure and is pushed to one side by the vegetative point; 
but he thinks that the facts stated above do not carry out this assump- 
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tion, although he says that it must be proved in either case by stages 
from young cones. 

BRAUN (5) definitely suggests sympodial branching, regarding the 
staminate and ovulate strobili as terminal, and quoting KARSTEN 
as given above. ENGLER and PRANTL (14) in turn quote BRAUN. 

WARMING (7), in his investigation of Ceratozamia, decides that the 
staminate strobilus is terminal, and in an excellent drawing of a trans- 
verse section through leaves and strobilus shows the bud appearing in 
the axil of one of the leaves and continuing the principalaxisasa sympo- 
dium. The peduncle of the strobilus is indicated between two leaves. 

SacHs (9) and GOEBEL (11) state in effect that if the strobilus 
is single it stands as a terminus of the stem; but if there are two or 
more strobili, as in Zamia muricata and Macrozamia spiralis, they 
may be the result of the forking of the stem. 

CouLTER and CHAMBERLAIN (IQ) state that the staminate strobilus 
in Cycas, at least, is terminal; but that in the.other genera its true 
position, although apparently terminal, remains in doubt. Strobili 
may occur singly or several together, and in the latter case, at least, 
are considered lateral. 

WoRSDELL (25) follows the theory of the sympodium in part, 
stating that each strobilus is developed as a continuation of the main 
axis, and that growth in length is continued by means of a lateral 
vegetative shoot immediately below the strobilus, the latter being 
pushed to one side. He also suggests monopodial branching, where, 
“as is frequently the case, short lateral shoots are developed at inter- 
vals upon the main axis.” 

This historical sketch shows that the branching of the cycadean 
trunk has been regarded by various writers as dichotomous, as mono- 
podial, and as sympodial. 

In preparing the material so that the strobili could be severed 
from the stem for killing, the petioles of old leaves and the scale 
leaves had to be removed carefully from the top of the stem; for 
often in the younger stages the strobilus is almost concealed by the 
growing tissue around it, only the tip projecting above the firm tissue 
of the stem. This tip is completely covered by scale leaves, so that 
often the strobili reach the stage in fig. 14 before the tip emerges 
from the scale leaves. In many cases more than one strobilus was 
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found at the summit of the stem; and in connection with the young 
strobili the petioles of old leaves and peduncles of old strobili were im 
situ, so that the relative positions of the organs could be ascertained. 

A stem received July 5 showed the remnant of an old peduncle, 
a young ovulate strobilus, and about 5™™ from this a circle of leaves 
surrounding a growing point (fig. 7). Another ovulate plant of the same 
age had a young strobilus, but apparently no vegetative point ; however, 
on sectioning this young strobilus and the tissue at its base, the vegeta- 
tive point was disclosed very close to the strobilus, with a few leaves 
surrounding it. This growing point with its leaves was enclosed 
within the scale leaves, which in turn surrounded the strobilus (fig. 2). 

Two other ovulate plants when sectioned showed each a smaller 
strobilus at the base of the larger one, and between them the vegetative 
point like a small protuberance surrounded by rudimentary leaves. 
This whole group was enclosed within a circle of leaves which formed 
a hollow cone (fig. 3). 

One of the smallest staminate cones, received June 14, had a 
vegetative point at its base, with rudimentary leaves (jig. 4). In 
material received July 5 three staminate cones were found upon one 
plant (fig. 5). These were of different sizes and the vegetative point 
was situated at the base of the smallest cone. Each strobilus of 
the group had apparently been the terminal one, and had been pushed 
aside by the newer one in itsdevelopment. The strobili would thus be 
in lateral positions at the conclusion of the year’s production of cones. 
There was no stunting of any of the leaves of the vegetative point, and 
the point was small in every case and clearly meristematic, as shown 
by the staining. Later in the season, where there were several 
staminate cones, they were nearly of the same size and apparently 
of about the same stage in development, so that they might easily 
be: supvosed to be of the same age and to result from a forking of 
the stem, as SAcus thought. The axes of the sympodium in such 
cases are shortened, so that the branches stand almost upon a level 
(fig. 6). Good figures are shown by WIELAND (21). 

The ovulate strobili are generally formed singly, one a year from 
the vegetative point. The staminate strobili develop more rapidly 
and from a succession of vegetative points, but they reach maturity at 
about the same time. The two or three cases in which more than one 
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ovulate strobilus was formed agreed in the details of development with 
those of the staminate strobilus, arid like them the several strobili may 
mature the same year. This is not infrequent in Zamia floridana. 

The trunk of the cycads, and especially of Zamia, is capable of 
forming new tissue readily upon wounding, as COULTER and CHRYSLER 
(22) have shown. Since there is this power of forming secondary 
meristem, it may be that some of the cases of lateral shoots, pro- 
duced upon the lower part of the trunk, are the results of wounding. 

Since other cycads are known to produce more than one strobilus 
upon the trunk in the same year, the manner of growth of the stem 
in these forms may be the same as in Zamia. The staminate cone 
mentioned by DEBArRy (10) had the same position as those of Zamia, 
with the vegetative point at the base of the cone, so that this case may 
be explained as a sympodium, and there may have been no stunting 
of the point as DeBary thought. In view of these facts it seems 
probable that in all the other genera the branching is sympodial, 
except in the case of the ovulate plants of Cycas. 

The successive pushing aside of the terminal strobili in Zamia 
(jig. 5) suggests comparison with Bennettitales, as described by Scott 
(17) and WIELAND (19g), in which the strobili arise terminally on 
short, lateral branches, wedged in between the bases of the leaves. 
In the modern cycads, as illustrated by Zamia, the strobili finally 
occupy positions in the axils of the leaves, and the vegetative point 
crowns the stem at the end of the year’s production of strobili. 

II. Microsporophylls and microsporangia 
DEVELOPMENT OF SPOROPHYLLS 

The youngest staminate strobilus of Zamia floridana was obtained 
from material received from Miami, June 1, 1905. The leaves 
were removed from the crown of the plant and the small cone exposed, 
less than 1™™ in length (fig. 7). The leaves in a vegetative point 
arise as small protuberances from the extreme base of the meriste- 
matic apex and incline toward each other, covering the point of growth 
(fig. 8). The strobilus, however, rises higher before showing any pro- 
tuberances, and when these appear they rise acropetally and project at 
right angles to the cone (jig.g). In the strobilus shown in fig. ro the 
sporophylls are not much farther advanced than in fig. 7, but the 
strobilus has lengthened and there are more primordia of sporophylls. 
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The first protuberance of the sporophyll is brought about by a 
periclinal division of a hypodermal cell in the axial row (fig. 11), 
and later by the growth and division of the hypodermal cells and of 
layers beneath them (fig. 12). The outer layer divides anticlinally, 
but at the tip of the strobilus the divisions are also periclinal. Strobili 
of June 15 show further cell divisions in the young sporophyll and the 
appearance of rudimentary bundles (fig. 13). By July 8 the strobili 
have lengthened to6or8™™. Thenew sporophylls appear toward the 
apex (fig. 9), but there is as yet no differentiation of sori. The strobili 
of July 25, which are 10 to 12™™ long, exclusive of the peduncle, show 
fifteen or more sporophylls in a vertical row (fig. 14). 

MATURE SPOROPHYLLS AND SPORANGIA 

The mature microsporophylls of Zamia floridana are short- 
stalked and broaden outwards from their insertion, the sterile tip 
being thick and hairy. The microsporangia are borne upon the 
abaxial surface, and are grouped upon either flank, with the median 
region of the sporophyll bare. The sporangia extend to the margin 
but not beyond, so that there is no appearance of a “peltate expan- 
sion” of the sterile tip. - 

The microsporangia of Ceratozamia mexicana are borne upon 
obovate, cuneate sporophylls, whose sterile tips are produced into 
two horns spreading laterally. The sporangia cover the whole lower 
part of the sporophyll. The plates given by WARMING (7) show 
young stages of the sporophyll, when the sporangia are in two groups, 
one on either flank; but in the text he says that in further growth 
they become more numerous and spread toward the median region, 
so that at last this is covered. 

In Encephalartos villosus the sporophyll has a very short stalk 
or is sessile; the tip is sterile and produced into a blunt point. The 
sporangia in the central sporophylls of the strobili cover the surface, 
but at the apex the outline of the sporangium-bearing area is notched 
in the center, showing a tendency toward a two-grouped arrangement. 
Single strobili of EZ. Caffer and of E. Altensteinii have been examined, 
and in both species throughout the median region of the cone the 
sporangia cover the sporophylls; but the lower sporophylls on the 
cone and those at the tip show fewer sporangia, and these are grouped 
into two lateral areas. The transition between these two conditions 
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can be traced in a series of sporophylls, which show the outline of the 
sporangium-bearing area becoming notched in the middle region 
above and below, and the notches gradually deepening until finally 
the middle region becomes bare. ‘This series also occurs in Dioon 
edule; and in the one cone of Macrozamia Miquelii examined it was 
shown by the sporophylls at the base; but those of the central part 
and tip were entirely covered with sporangia. 

The numbers of sporangia on a sporophyll range as follows: 
Cycas circinalis 700, Encephalartos Caffer 700, Macrozamia M iquelii 
600, Encephalartos villosus 500, Dioon edule 200, Zamia floridana 24. 

The sporangia on the outside of the sporophyll flank in Zamia 
floridana and Ceratozamia mexicana, also in Stangeria as recorded 
by Lane (16), are likely to have longer stalks than the sporangia on 
the central part, and are more rounded. In Ceratozamia they are so 
crowded that they become angular, often irregular in shape, and 
encroach upon one another (jig. 15); and, as in Stangeria, there are 
many hairs among the sporangia, arising from the sporophyll. In 
Zamia floridana and Encephalartos villosus there are no hairs in the 
region where the sporangia are borne. 

The sporangia are definitely grouped into sori, arising from a 
cushion of meristematic tissue elevated slightly above the sporophyll 
(fig. 16). ‘Two to five sporangia occur in the sori of Ceratozamia, 
Stangeria (according to LANG), Macrozamia Miquelii, Encephalartos 
villosus, and E. Caffer; two to four in Cycas circinalis; and seldom 
more than two in Zamia floridana. Into this soral cushion there is 
an extension of the vascular system, as in the synangia of Marattiaceae. 

LanGc (16) found the sporangia of Stangeria in every stage of 
development on the sporophyll, beginning at the center of each flank 
and extending toward the margin and middle region. He refers 

to WARMING’S ('7) figures of Ceratozamia to show that in that form 
the sporangia on a sporophyll are of the same age; but WARMING’s 
text distinctly states that at first there are groups of twenty to thirty 
on each flank, and by further growth these spread so as to conceal 
the middle region. In my material of Ceratozamia, which was 
nearly all mature, the sporangia were about the same age; but a few 
on the edges and toward the center were a little younger. 
In Zamia and Ceratozamia there is strong suggestion of the syn- 








194 BOTANICAL GAZETTE [MARCH 


angial origin of the sorus. In the former, while the sporangia of 
a sorus are usually quite distinct, occasionally they are free for only 
about half their length (fig. 17); while in the latter this half-synangial 
character is more common (jigs. 18-20). 

One cone of Zamia floridana showed great variation in the number 
of sporangia on a sporophyll. The usual sporophyll (fig. 21, a) bore 
twelve on each flank, arranged in six pairs. Usually each flank 
had the same number of pairs, but this was not always the case. The 
number of sporangia ranged from two to forty-eight; and instead of 
being confined to the flanks, in several cases there were groups of 
sporangia on the middle region or even all the way across the sporo- 
phyll, approaching the condition in Ceratozamia (figs. 21, 6, c). 
The number was likely to be less upon the sporophylls near the tip 
of the strobilus and upon those at the base. One sporophyll is shown 
in fig. 21, d, which suggests the megasporophyll in the position and 
number of sporangia; and it may be interesting to note that an ovulate 
cone furnished several sporophylls with two sporangia on each flank. 

DEVELOPMENT OF SPORANGIA 

Two papers by WARMING (6, 7) give the earliest information con- 
cerning the development of the microsporangium of cycads, the species. 
investigated being Ceratozamia mexicana and Cycas circinalis. 
Later, TREUB (8) investigated Zamia muricata and LANG (16) 
Stangeria paradoxa, both giving an account of the sporangium from 
its early stages to its maturity, but neither obtained stages earlier 
than a several-celled sporogenous tissue. 

A tangential section through the strobilus of Zamia floridana gives 
the best view of the origin of the sporangia (fig. 14); about three 
showing upon each lobe of the sporophyll in such a section, the 
youngest near the margin. The cells in the region where the spo- 
rangia arise stain more deeply than the rest of the tissue, and this mer- 
istematic condition extends below the sporangia for some distance. 
The epidermis here divides only anticlinally. In such a section as 
fig. 14, certain cells may be distinguished by their larger size, more 
deeply staining contents, and larger nuclei in which the chromatin 
is more prominent. This is the region which will give rise to the 
sporangia. In such meristematic groups a single hypodermal cell 
with large nucleus and deeply staining chromatin can be distinguished, 
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being larger than the surrounding cells and in an axial position (jig. 
22); this cell is the archesporium. In sections parallel to the surface 
of the sporophyll this same cell can be distinguished from the surround- 
ing cells (fig. 25), so that it is evident that it is the single archesporial 
cell which GoEBEL (11) predicted in reviewing TREUB’s work. 
TREUB (8) failed to find in Zamia muricata less than four sporo- 
genous cells, and LANG (16) concluded that the corresponding four 
cells in Stangeria represented the archesporium, which was “ prob- 
ably not a single cell.” The archesporial cell divides usually by an 
anticlinal wall (fig. 23), and the two daughter cells lie side by side 
in a cross-section through the sporophyll; one cell is often larger 
than the other and divides earlier (fig. 24). 

Occasionally the archesporial cell divides by a periclinal wall 
(fig. 26), suggesting the statement of Bower (15) in reference to 
Angiopteris, in which the divisions are not always in the same direction 
in different sporangia. This exceptional division is shown also in a 
section parallel to the surface of the sporophyll (fig. 27). 

The second division is anticlinal also, resulting in a hypodermal 
plate of four cells, only two of which are seen in cross-section. 

The third division is periclinal, resulting in an outer and inner 
plate of four cells each (fig. 24), the outer plate being the primary 
wall cells, the inner plate the primary sporogenous cells. Further 
divisions of the sporogenous tissue are shown in figs. 28-30. 

The wall is four to seven layers 6f cells in thickness, always thicker 
at the angles and in the region of the apex (figs. 31, 32); there is 
some small increase in the number of layers toward the center of 
the sorus also. The cells of the two layers adjacent to the tapetum 
are narrow and flattened (fig. 33), and later are crushed by the develop- 
ment of the sporogenous cells and the activity of the tapetum. The 
epidermal cells are thin-walled in Ceratozamia and Zamia up to the 
time of tetrad formation. At this time in Zamia they begin to show 
thickening along the crest of the sporangia, where the cells are deeper 
and narrower. Here the inner and vertical walls become thicker 
(fig. 32), so that by the time spores are formed these cells make a well- 
defined band along the crest of the sporangium; at the time the spores 
are ready to be shed this wall has become very thick. The new 
lavers of the wall fill the cell until the lumen almost disappears. The 
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walls of the cells between the bands, 7.e. those of the line of dehiscence, 
are at first very thin, but thicken up later, until they are almost as 
thick as those of the other cells. 

The apex of the sporangium is composed of isodiametric cells 
(in cross-section) with uniformly thickened walls, beneath which 
is a group of cells which are thickened in the same way (jigs. 34-36). 
From the apex, extending along either side of the line of dehiscence, 
the cells of the bands are longer, narrower, and have the inner and 
vertical walls thickened, the bands extending along the crest from 
the apex almost to the base of the sporangium. 

The mature condition of the sporangium of Encephalartos, the 
only stage of this genus available, is much the same (fig. 35). 

The older stages of the sporangium of Ceratozamia show the apical 
group of cells (fig. 31) projecting only slightly; and the band cells 
are little more thickened than the other cells of the sporangium, but 
are narrower. Cross-sections made from the younger stages (fig. 37) 
show in the wall a double line of cells running from the outside into 
the sporangial cavity, whose contents stain more deeply. These 
lie just beneath the line of dehiscence, and are therefore like a plate 
cutting into the wall from the surface. Just under the line of de- 
hiscence in Marattia there are deeply colored mucilaginous cells 
which may aid in dehiscence; these slightly resemble those in Cerato- 
zamia. Older stages of the wall do not show this plate; but there are 
occasionally several cells under the line of dehiscence, in which there is 
a great number of crystals. These are even more striking in Zamia, 
where early stages in their formation have not been seen (fig. 38). 

At the time of spore-formation in Zamia there is also just opposite 
the cells of dehiscence, on the inner surface of the sporangium, a 
projection into the wall of the inner layers and of the tapetum (fig. 
38). The cells between are flattened and out of shape, as if degenera- 
tion had begun. This has been seen in a number of sections, and 
may or may not be a normal occurrence. Enough sections have 
not been seen to make a definite statement as to the function of 
these cells, but it may be suggested that there is a breaking down of 
the walls at the time of dehiscence, which aids in the breaking open 
of the sporangium. This may be seen in Danaea, where of course 
there is no mechanical arrangement for dehiscence; and possibly 
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this breaking down of cells is combined in Angiopteris with the 
regular mechanical arrangement for dehiscence. 

In Zamia the stomata are situated in about the same region of 
the sporangium as in Stangeria. They are especially numerous 
among the thinner cells of the lower part of the sporangium, and the 
guard cells in cross-section are only about one-half as high as the 
other cells. The walls of the guard cells and of the subsidiary cells 
are strongly thickened, and the whole apparatus resembles that 
found among xerophytic angiosperms. The stomata of Ceratozamia 
are not so deeply sunken; but in Encephalartos they are more deeply 
placed than in Zamia (figs. 39, 41). 

In Zamia and Ceratozamia the tapetum (some of it at least) is 
derived from the sporogenous tissue. The blocking out of the cells 
and the irregular width of the layer, especially toward the base of the 
sporangium, suggests this, and in many cases can only be explained 
by the fact that there is a distinct transformation of sporogenous 
cells into tapetum. In many sections it is hard to distinguish the 
tapetum, but in the stage shown in fig. 42 the nuclei are smaller and a 
little more elongated, and the chromatin stains more deeply. At 
the base of the sporangium the irregularity in the width of the tapetum 
is more striking. Usually there are one or two layers all around the 
sporogenous mass; but jig. 43 shows four or five layers, dipping into 
the sporogenous tissue. The nuclei of the tapetal cells become divided 
and spindles (jig. 42) are occasionally seen, so that although there 
may be fragmentation, as LANG (16) states, there is also regular 
mitosis. The tapetum is a distinct layer up to the tetrad stage, when 
the walls disappear, and the mass of nutritive substance lines the 
sporangial cavity. 

There is some sterilization of sporogenous tissue, for occasionally 
regions of tissue in the center of the sporangium or at the base, with 
extensions into the center, become sterilized, and, as has been men- 
tioned, the cells near the base often appear to function as tapetal cells. 

The division of the spore mother cell was observed in Ceratozamia 
mexicana (fig. 44). ‘The spirem in the nucleus of the mother cell is 
large and clear, the chromosomes are thick and short, so that the 
chance for counting is unusually good. A count was made in 50 
nuclei, resulting in 12 chromosomes in 46 cases, 11 in 3 cases, and 13 
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in one case. In most of these cases the 12 chromosomes were visible 
in one section 3 to 5 # thick (fig. 45), but in a few cases the sections 
on either side had to be examined and drawings made to determine 
the actual number of chromosomes. This in every case changed 
what would have been a count of 6 or 8 to 12. GUIGNARD (12) found 
8 chromosomes in the pollen mother cells of Ceratozamia; and OVER- 
TON (13) found the same number in a count of the chromosomes 
in the endosperm cells of the same species. In the 25 nuclei of 
Zamia floridana counted, 12 chromosomes were found; and CHAm- 
BERLAIN (27) gives the same number for Dioon edule. 

Most of the stages in the development of the tetrad were seen in 
Zamia, and they followed closely the figures of JuRANYI (4) and 
TREvB (8). In most of the tetrads the ring of cellulose was not seen 
all the way across the cell until the four daughter nuclei were clearly 
outlined and the cell plate between them had commenced to grow. 

In Zamia floridana the output of spores per sporangium is about 
500 or 600; in Ceratozamia mexicana 8,000; and in Encephalartos 
villosus 26,000. ‘This makes the output per sporangium in the few 
species examined increase according to the number of sporangia to 
the sporophyll. The number of observations, however, is too small to 
furnish a safe basis for conclusions. Among the Marattiaceae the lar- 
gest output is for Kaulfussia (7,850); and in Isoetes SmrrH (18) esti- 
mates several hundred thousand spores in a single microsporangium. 


THE MALE GAMETOPHYTE 


The strobili of Zamia received from Florida the first of February 
were about ready to shed the pollen, which was in the three-celled 
stage. At the first observed division of the spore the prothallial 
cell is cut off, lying against the wall of the spore, with its inner face 
arching almost into the center of the spore (fig. 46). At the next 
division the generative cell is cut off (fig. 47), its nucleus being some- 
what flattened and deeply staining. The tube nucleus is very large, 
stains less deeply, and lies generally in line with the other two. 

A to per cent. sugar solution, sterilized and kept in sterilized 
dishes, was favorable for the growth of the pollen tubes. Some of 
the solutions containing pollen grains were kept in an oven at a temper- 
ature of 28° C., while others were kept at 21° C., the temperature of 
the room. In forty-two hours the tubes in the oven were two or 
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three times longer than those in the room (figs. 48, 49). These cultures 
gave an opportunity to study the breaking of the exine and the extru- 
sion of the tube (fig. 50). In the unstained specimens the portion 
of the wall just touching the prothallial cell and passing down either 
side of it was more refractive than the rest. In stained material 
(figs. 48, 49) this had the appearance of a lighter wall just within the 
intine, and agrees with the “third wall” described by Miss FERGUSON 
(24) in Pinus. The starch in the growing tube is very abundant, 
massing about the tube nucleus and the generative cell (fig. 49); in 
longer tubes there is also a large quantity near the tip. The tube 
nucleus slowly migrates toward the tip, keeping just behind it. In 
Zamia there is no sign of the second prothallial cell mentioned by 
WEBBER (20), though many hundred microspores were examined. 

Microspores of Encephalartos, which are very large, were especi- 
ally favorable for a study of the divisions to the three-celled stage 
(jigs. 51, 52), which are like those described for Zamia. Only one 
mitotic figure was seen, but it shows the size and shape of the chro- 
mosomes fairly well (fig. 52). 

Summary 

1. The stem of Zamia floridana is a sympodium, a vegetative 
point lying at the base of each strobilus. The staminate strobili 
develop one after the other from the successive vegetative points, 
each strobilus with a small circle of leaves, and all enclosed within 
the larger scale leaves of the first strobilus. 

2. The youngest staminate strobili received June 1 showed the 
sporophylls arising in acropetal succession, by a periclinal division 
of a hypodermal cell, and later by the divisions of other hypodermal 
cells and layers beneath them. 

3. The microsporangia cover the abaxial face of the sporophylls 
in Ceratozamia mexicana, and are grouped upon each flank in Zamia. 
In Dioon, Encephalartos villosus, E. Caffer, and Macrozamia Miquelit 
there are intergrades, where the sperangia cover the sporophylls of 
the central part of the strobilus, but are in two groups upon the 
sporophylls of the tip and base. 

4. The microsporangia are grouped in sori (two to six sporangia 
in each sorus), which are raised on a cushion of tissue into which a 
vascular bundle passes. 
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5. In Zamia and Ceratozamia the sporangia of a sorus are some- 
times free only half their length. 

6. One strobilus of Zamia floridana had two to forty-eight spo- 
rangia on its different sporophylls, and some sporophylls in which the 
middle region was entirely covered. 

7. Strobili of Zamia floridana received July 25 showed in tangential 
sections three or four developing sporangia upon either flank of the 
sporophyll, the youngest upon the margin. 

8. The archesporium is a single hypodermal cell which usually 
divides first anticlinally, followed by periclinal divisions; the outer 
plate of four cells developing the wall layers, the inner plate the 
sporogenous tissue. 

9. The wall of the mature microsporangium is composed of four 
to seven layers of cells, the cells of the two layers next the tapetum 
being tabular. The apex of the sporangium consists of thick-walled 
cells and beneath it there are isodiametric, thick-walled cells. Ex- 
tending from the apex on either side of the line of dehiscence there 
is a band of thicker-walled cells, which suggests the structure of the 
sporangium of Angiopteris. 

10. Beneath the line-of dehiscence there is a plate of cells extending 
toward the center of the sporangium, which contain crystals; and 
in Zamia these cells seem to degenerate as the sporangium breaks. 

11. Stomata occur on the microsporangium, the guard cells being 
deeply sunken and thick-walled. 

12. The tapetum is derived from sporogenous tissue, at least in 
part, and the sporogenous cells at the base of the sporangium function 
as tapetal cells, which may project into the sporangial chamber. 
Sometimes, at least, the tapetal nuclei divide mitotically, for spindles 
were seen; and there are often two nuclei to a cell. The tapetum 
remains a distinct layer up to the tetrad stage. 

13. There is some additional sterilization of sporogenous tissue 
in the sporangium. 

14. The divisions of the spore mother cells conform to the de- 
scriptions of JuRANYI and Treus. The reduced number of chro- 
mosomes in Ceratozamia and Zamia is twelve. 

15. The output of spores per sporangium for Zamia floridana is 
500-600, for Ceratozamia mexicana 8,000, and for Encephalartos 
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losus 26,000. Therefore the output per sporangium in these 


species increases according to the number of sporangia upon the 
sporophyll. 


16. The pollen grains are three-celled at the time of shedding, 


the cells being the prothallial, the generative, and the tube. 


This investigation was carried on under the direction of Professor 
HN M. Coutter and Dr. C. J. CHAMBERLAIN, of the University 
Chicago. 

SMITH COLLEGE 


Northampton, Mass. 
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EXPLANATION OF PLATE X 
(Unless otherwise stated, the figures are from Zamia.) 


Fic. 1. Diagram of the*crown; a, peduncle of ovulate strobilus of last year; 
b, young ovulate strobilus; v, position of the vegetative point. Xt. 

Fic. 2. Longitudinal section of two ovulate strobili; between them is the 
vegetative point (v) and the leaves (/) surrounding it; the upper portion of the 
strobilus is cut away. X 13. ; 

Fic. 3. Longitudinal section of ovulate strobilus; v, vegetative point; J, 
rudimentary leaves; two vascular bundles enter the strobilus. X23. 

Fic. 4. Longitudinal section of staminate cone (June 14); v, vegetative 
point; /, rudimentary leaves. X23. 

Fic. 5. Longitudinal section of three staminate strobili (July 15); v, vegeta- 
tive point; youngest strobilus (st) is cut atan angle. X11. 

Fic. 6. Diagrams: a, sympodium; 6, sympodium with shortened internodes; 
c, sympodium with internodes shortened until strobili are on a level, as in Zamia. 

Fic. 7. Longitudinal section of young staminate strobilus (June 1), showing 
primordia of sporophylls (sp) and leaves surrounding strobilus. X27. 

Fic. 8. Longitudinal section of typical vegetative point and rudimentary 
leaves. X 32. 

Fic. 9. Longitudinal section of staminate strobilus (July 8), showing sporo- 
phylls. X23. 


Fic. 10. Longitudinal section of staminate strobilus a little further advanced 
than in fig. 7. X32. 
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Fic. 11. Section of staminate strobilus of fig. 7, showing the periclinal 
division of a hypodermal cell which is the first stage in the development of a 
sporophyll. X 650. 

Fic. 12. Section of staminate strobilus, showing further divisions of hypoder- 
mal cells and layers beneath them to form sporophyll. 650. 

Fic. 13. Longitudinal section of strobilus, showing elevation of sporophylls 
and rudimentary bundles passing into them. X8o. 

Fic. 14. Tangential section of staminate cone of July 25, showing sporo- 
phylls and position of young sporangia. X27. 

Fic. 15. Cross-section of sporophyll of Ceratozamia, showing sporangia. X 37. 

Fic. 16. Cross-section of sporophyll of Ceratozamia, showing grouping of 
sporangia into sori and extension of bundles into them. X27. 

Fic. 17. Cross-section of sporophyll of Zamia. X 39. 

Fics. 18, 19. Three sporangia of Ceratozamia ‘“‘united”’ at base. X95. 

Fic. 20. Detail of fig. 19, showing union of sporangia at base. X 500. 

Fic. 21. Sporophylls from one cone of Zamia floridana: a, usual arrangement 
of sporangia; b, sporangia extending to middle region; c, sporangia extending 
across middle region; d, reduced number of sporangia. X 2. 

Fic. 22. Sporophyll of jig. 14, showing hypodermal archesporial cell. 920. 

Fic. 23. Division of archesporium by an anticlinal wall. Xg20. 

Fic. 24. The periclinal divisions resulting in inner and outer plates of cells. 
X9g20. 

Fic. 25. Archesporial cell in a section parallel to the surface of the sporo- 
phyll. xXg20. 

Fic. 26. Periclinal division of archesporial cell (exceptional). 920. 

Fic. 27. First (anticlinal) division of archesporial cell in a section parallel 
to the surface of the sporophyll. 920. 

Fic. 28. Further periclinal divisions succeeding the division shown in fig. 26. 
Xg20 

Fic. 29. Usual divisions following the stage shown in jig. 24; lower four cells 
of section are sporogenous. Xg20. 

Fic. 30. Longitudinal section of sporangium in more advanced stage. 920. 

Fic. 31. Longitudinal section of sporangium of Ceratozamia; tapetal cells 
marked by +. X 180. 

Fic. 32. Longitudinal section of sporangium of Zamia, showing thickened 
cells at apex and band of dehiscence. X95. 

Fic. 33. Detailed drawing of part of sporangium: w, outer wall layers; y, 
two layers of tabular cells, which are crushed by the activity of the tapetum; /, 
tapetum; s, sporogenous cells. > 800. 

Fic. 34. Apex of sporangium of Zamia, showing thick-walled cells; isodia- 
metric cells beneath them. X 580. 

Fic. 35. Diagram of sporangium of Encephalartos. 

Fic. 36. Tangential section through sporangium of Zamia near apex, showing 
thick-walled cells and line of dehiscence (d). X 180. 
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Fic. 37. Cross-section of sporangium of Ceratozamia, with plate of cells 
extending from beneath line of dehiscence to the sporangial cavity. X 500. 

Fic. 38. Cross-section of mature sporangium wall; c, cell containing crystals, 
just beneath the line of dehiscence; cells of inner layers of sporangial wall pro- 
jecting into outer layers; ¢, tapetum broken down; m, microspore. X 800. 

Fic. 39. Longitudinal section of two sporangia of Encephalartos. X 7o. 

Fic 40. Surface section of stoma in the sporangial wall of Encephalartos; 
g, guard cells; su, subsidiary cells. 650. 

Fic. 41. Cross-section of stoma of Encephalartos. 650. 

Fic. 42. Detail of sporangium of Ceratozamia: ¢, tapetum; sp, sporogenous 
cells. X 120. 

Fic. 43. Longitudinal section of sporangium of Ceratozamia at the base; 
tapetal cells becoming more numerous by sterilization of sporogenous tissue. 
X 180. 

Fic. 44. First division of pollen mother cell. X 1500. 

Fic. 45. Nuclear plate in spore mother cell, showing 12 chromosomes. X 
1500. 

Fic. 46. Male gametophyte of Encephalartos in 2-celled stage; , prothallial 
cell; a, antheridial initial. X 1500. 

Fic. 47. Male gametophyte of Encephalartos in 3-celled stage; , prothallial 
cell; g, generative cell; ¢, tube cell. 1500. 

Fic. 48. Male gametophyte of Zamia, showing beginning of tube; lettering 
as before; 2, “‘third wall,” showing within intine. 1500. 

Fic. 49. Further develépment of pollen tube; tube nucleus passing into the 
tube; much starch present. X 1500. 

Fic. 50. Culture from Zamia, showing extrusion of tube and breaking of 
exine. X 1500. 

Fic. 51. Microspore of Encephalartos in resting stage. X 1500. 

Fic. 52. Microspore of Encephalartos, showing some of the chromosomes. 
X 1500. 

The magnifications given in the foregoing explanations are those of the 
original drawings, which have been reduced three-fifths in reproduction. 
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BRIEFER ARTICLES 


CHARACTERS OF PINUS: THE LATERAL CONE 
(WITH TWO FIGURFS) 

In Trees and Shrubs (1: 20g. tgo5), under Pinus Altamirani, attention 

is called to the variation in the position of the young cone as follows: 
“Like some other Mexican pines with normally subterminal cones, it 
sometimes produces double nodes and lateral 
cones and pseudo-lateral young cones occasioned 
by a short incomplete midsummer growth.” 
The three possible positions of the young cone 
are here found in the same species, and suggest 
the investigation of characters which have been 
considered by some authors to be of weighty 
significance in the determination not only of 
species but of comprehensive sections of the 
genus. 

In comparing the winter bud of Pinus Strobus 
with that of P. rigida or P. Banksiana (divari- 
cata), two distinct forms are seen, the former 
predicting a single internode for the shoot of 
the following spring, the latter two or more. 

A uninodal shoot, when developed, consists of 

a shorter leafless base (which bears the stami- 

nate flowers when they are present) and a 

longer portion bearing the foliage and terminat- 

ing in a node of buds, a ferminal bud, and a 

verticillate group of subterminal buds about its 

base. <A multinodal shoot, in addition to this, Multinodal | 

comprises one or more inner internodes, each —- & x 

clearly defined by a leafless base at one end ~ F 
and a node of lateral buds at the other (fg. 

1). The pistillate flower, the future cone, 
takes the place of one of the subterminal or lateral buds. On uninodal 
shoots its position is necessarily subterminal; on multinodal shoots it may 
be either subterminal or lateral or both, even on the same shoot. 


FIG. 1 
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Evidently the characters implied in the ‘‘subterminal and lateral cones” 
of authors would have a wider application and a more accurate significance 
if expressed in terms of the uninodal and multinodal vernal shoots, since 
these last characters are present on young or sterile as well as on fertile 
trees, while the lateral and subterminal conelets often coexist on the same 
branch. ‘“‘Subterminal cone” is an unfortunate term. No distinction has 
been made by authors between the immature cone of the first season, which 
may be either subterminal or lateral, and the ripe cone of the following 
season when it is invariably and inevitably lateral; therefore ‘‘conelet,”’ 
proposed by Monr exclusively for the cone of the first year, will be used here. 

After the vernal growth is clearly 
defined and the flowers have been polli- 
nated, it often happens that a summer 
growth takes place that was not apparent 
in the winter bud. This growth, in the 
summer, differs from the spring growth 
not only in its less development but also 
in its green bracts, which, not being re- 
quired for the protection of the winter 
bud, assume more or less completely the 
size, color, and character of the primary 
leaf; and at the end of the season, when 
the bracts have withered or fallen away, 











| 
eg een this summer shoot can be recognized by 
| | ee its shorter leaves. This growth, of course, 
Medora does not affect the status of those conelets 
‘ f wi whose lateral position has been established 
Fic. 2 already on the spring growth, but it re- 


F 
Sumnier L »~ lateral 
elet 


( 


duces subterminal conelets to a quasi- 
lateral position and converts a uninodal into an imperfect multinodal 
shoot. 

This summer growth is quite common and may occur on any pine. 
On most species it is merely sporadic, appearing here and there on vigorous 
branches, more commonly on younger than on older trees; on a few species 
it is usual and characteristic, at least in youth Of these latter P. Bun- 
geana, the Chinese nut pine, is a very perfect example, and its hardiness 
in this latitude offers an excellent opportunity for the study of this pecu- 
liarity (fig. 2). The three positions of the conelet, corresponding to the 
uninodal, multinodal, and summer shoots, may be conveniently distin- 
guished respectively as subterminal, lateral, and pseudo-lateral conelets. 
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They have been described, to avoid ambiguity, without qualification and 
without considering the variations and exceptions that arise from the 
complex influences, internal and external, temporary or permanent, that 
may modify the development of the annual growth. As a matter of fact, 
while the characters under consideration may be potential in a species, they 
are not always invariable or consistent. 

A multinodal shoot, at the lateral nodes, may put out conalinn or branch- 
lets or both; either may be absent or be represented by a bud which may 
or may not develop the following year; or there may be nothing whatever 
to indicate the lateral node except the leafless base of the internode beyond. 
Again, the winter bud is an incipient branchlet, the beginnings of a growth 
to be continued in the spring; the degree to which the bud is developed, 
at the end of the summer, is subject to the vicissitudes of all growth. The 
bud destined to produce a multinodal shoot may be so far advanced as to 





show its purpose at a glance, or its future development may be latent and 
concealed to a greater or less degree. Multinodal pines often produce uni- 
nodal] shoots, and this apparent inconsistency becomes more frequent with 
increasing age, so that individuals of P. rigida, and allied species, may be 
found which are nearly or absolutely uninodal. Uninodal pines, on the 
contrary, are more constant. The summer shoot, however, may occur on 
any species, and may show in autumn various degrees of development 
which may amount to no more than a slight elongation of the bud or may 





form a conspicuous tuft of leaves on the end of the branchlet. From its 
very nature the summer shoot must be regarded as evidence of local or 
temporary vigor rather than as a specific character, and this is true even 
of those pines where the development of the summer shoot has almost 
diagnostic value. P. Bungeana and P. Gerardiana are credited by authors 


with ‘‘lateral cones” on account of the persistency of this summer growth; 





but specimens in the herbaria at Kew, Paris, and the Arnold Arboretum 
show conclusively that their pseudo-lateral conelets partly or completely 
disappear in mature trees. 

Taking the genus as a whole, there seems to be every gradation between 
the two extremes, the conelet exclusively lateral and the conelet exclusively 
subterminal. These considerations point to the conclusion that the differ- 
ence implied in the ‘subterminal and lateral cones” 
degree rather than of kind, and however valuable the lateral conelet may 
be, when it is present, for the determination of species, it is not available, 
on account of its inconstancy, for broader classifications. It is therefore 
evident that a herbarium specimen, so far as it shows these characters, 


of authors is one of 


may not represent the normal behavior of a species, and such a specimen 
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may be misleading. In Jour. Linn. Soc. (35:601) “‘a specimen of P. 
Montezumae containing leaves 12-14 inches long and others 5 inches long 
on the same branch” is cited as if it were unusual. It is evidently the 
arrested growth of a summer shoot that bears the shorter leaves. 

In Bull. Torr. Bot. Club (30:108), Pinus cubensis anomala Rowlee, a 
new variety, is described with “bracts 8™™ long, green on the young shoot,” 
and further on, ‘‘the reversion of the scales to what is generally considered 
the primitive form of the primary leaf of the pine is an exceedingly interesting 
phenomenon.” This again, as the specimen shows, is the summer shoot in 
its usual form, and its counterpart has been observed in a great number 
of species. 

P. teocote Sch. and Deppe, is described as a pine with a lateral cone. 
The summer growth, which is quite frequent on this species, as well as 
on other Mexican pines, is responsible for this error, as the species bears 
normally subterminal conelets. 

P. contorta is placed in ENGELMANN’S Revision of the genus Pinus 
(Trans. St. Louis Acad. 4:177) in his section PONDEROSAE, though not 
without hesitation (]. c. 182), on account of its subterminal cone. It is 
nevertheless a true multinodal pine, bearing cones on both lateral] and 
terminal nodes. 

In his recent work Wald- und Parkbéume (1906) HEINRICH MAyR 
makes a distinction betWeen true and false nodes (echte Quirle and 
Scheinquirle), which may be recognized respectively by the presence 
or absence of bud scales; “‘subterminal and lateral cones” are explained 
in terms of these nodes. His sections PINASTER and JEFFREYA produce 
cones at the true nodes, his section MuRRAYA at the false nodes. Appar- 
ently these characters are held to be invariable, and no allowance is made 
for the appearance of cones at both forms of the nodes on the same species. 
Only on this supposition can the anomalies that appear in Mayr’s classi- 
fication of the pitch pines be explained. 

Pinus rigida is in his section Murraya; while P. serotina, which does 
not differ from P. rigida in the characters under consideration, is in his 
section JEFFREYA. P. halepensis is in PINASTER, while P. Brutia is in Mur- 
RAYA. P. Sabiniana, P. Coulteri, and P. caribaea which, so far as they 
are affected by these characters, belong in MurRAyYA, are all in JEFFREYA. 
These inconsistencies may all be laid to specimens which happen to bear 
subterminal conelets instead of the characteristic lateral ones. P. chihua- 
huana, which requires three years in which to perfect its cone, is found in 
the section MurraAya. Here his distinction between true and false nodes, 
if it is reliable, should have prevented Mayr from mistaking the conelet 
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of the second year for a lateral conelet. The species is uninodal and bears 
subterminal conelets. 

It is not the purpose of this article to discuss the merits of Mayr’s 
very interesting arrangement of Pinus except so far as it involves the false 
node and its cone, on which his section MuRRAYA is mainly founded. It 
serves to illustrate, however, the elusive character of the “‘lateral cone,” 
which should be regarded as an incident, more or less persistent, in the 
life of a pine, rather than as an invariable character.—GEORGE RUSSELL 
SHAW, Arnold Arboretum, Jamaica Plain, Mass. 


THE GENUS ALISMA IN NORTH DAKOTA 
(WITH ONE FIGURE) 


As the basis for this investigation I have used BUCHENAU’s monograph.' 
According to his analytical key, Echinodorus has 6, 9, 12, or more stamens, 
and the carpels are arranged in a dense head; while Alisma is characterized 
by 6 stamens, and has the carpels placed in a circle. Consequently he 
has changed the name Alisma tenellum Martius to Echinodorus tenellus 
(Mart.) Buchenau. He refers all the other forms of Alisma to A. Plan- 
tago L. and has divided this species into three varieties: var. a Michaletii 
Aschers. et Graebn.; var. 8 arcuatum (Michalet) Buchenau; and var. 
y parviflorum (Pursh) Torr. He says that var. arcuatum “‘is distinguished 
by many special small characters” from the other varieties. As will be 
found helow, some of these differences are most conspicuous and give to 
the plant a peculiar aspect, and the distinguishing characters are constant 
and extend to all parts of the plant. I have therefore restored this variety 
to its former specific rank, and believe that the following will be an accept- 
able synopsis: 


. Pedicels forming with the scape an — of 45° or less; styles erect, longer 


iis the ovules . ... . . . . A. Plantago lequattea) L. 
2. Pedicels forming with ‘the scape an angle of go° or more; styles bent 
outwards in a hook, shorter than the ovules . . . . A. arcuatum Michalet. 


ALIsMA PLANTAGO L., vide Engler’s Pflanzenreich, |. c.—Scapes gen- 
erally solitary (seldom two), 15-100°™ high, erect; strong, slender, fibrous, 
as is the whole plant, except when very young. Leaves bright green, ovate 
to lanceolate, with an acute apex and a rounded or cordate sometimes 
tapering base; petioles 2-—35°™ long; the blades usually 7-ribbed, 5-17°™ 
long, 3-9°™ wide. Inflorescence a strict, large, loose, enablia panicle 
of majestic appearance, its lower part raised above the level of the leaf 


t BUCHENAU, FR., Alismataceae. Engler’s Pflanzenreich 4:no. 15, pp. 66. 1903. 
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tops, with a pointed, fastigiate apex. Pedicels verticillate in five or six 
rows, the erect rays forming secondary and tertiary verticils, each verticil 
subtended by three lanceolate, acuminate bracts. Petals 2-4™™ long or 
smaller, white with yellow unguis, obovate, often with two small inden- 
tations. Sepals striate with five pairs of ‘‘nerves,” oval, with white hyaline 
margins. Stamens six, twice as long as the ovules. Styles numerous, 
erect, longer than the ovules. Nuts not joined inwardly, thus leaving the 
center of the receptacle uncovered.—Growing in wet or dry mud. 

Var. PARVIFLORUM (Pursh) Torr. Fl. N. United States 123382. 1824.— 
A. parviflora Pursh, Fl. Am. Sept. 12253. 1816. A. ¢rivialis Pursh, 1. c.— 
Flowers small, 3-4™™ in diameter. Peduncles slender, thin, often bent. 
A broad-leaved form of this is A. Plantago americanum in Roem. et Schult. 
Syst. '7?:1598. 1830 =f. LATIFOLIUM. A representative of this variety 
with lanceolate leaves (= f. STENOPHYLLUM) is A. Geyeri Torr. in Rep. 
Upper Miss. 162. 1843, according to BUCHENAU, though the description 
in RypBERG’s Flora of Montana (p. 19) would rather identify it with 
A. arcuatum Michalet. 

Var. MICHALETII Aschers. et Graebn. Synops. Mitteleur. Flora 1: 382. 
1898.—A. major S. F. Gray, Nat. Arr. Brit. Pl. 23216. 1821.—Flowers 
larger than in the preceding variety. Petals twice as long as the sepals. 
Peduncles stouter as a rule, strict. 

Forma LATIFOLIUM Aschers. et Graebn. 1. c. 383.—A. latifolium Gilib. 
Fl. Lith. 5: 222. 1781. A. Plantago latifolium Kunth, FI. Berol. 2: 295. 
1838.—Leaf-blades usually large, ovate, acute, with rounded or cordate 
(more seldom attenuate) base. 

Forma STENOPHYLLUM Aschers. et Graebn. |. c. 383.—A. lanceolatum 
With. Bot. Arr. Brit. Pl. ed. 3. 2:362. 1796. A. ranunculoides All. FI. 
Pedem. 1: 243. 1785. A. Plantago lanceolatum Kunth, FI. Berol. 2 : 295. 
1898. A. major B lanceolata S. F. Gray, 1. c—A smaller plant. Leaf- 
blades broadly or narrowly lanceolate, acute (sometimes with a repand- 
attenuate base). This is a form produced by insufficient nutrition of the 
plant. 

A. Plantago L. grows over the whole temperate part of North America, 
where all the ditferent enumerated varieties and forms will be found; var. 
Michaletii extends its range also over Furope, Asia, and northern Africa. 

2. ALISMA ARCUATUM Michalet, Bull. Soc. Bot. France 1: 312. 1854.— 
A. Plantago B arcuatum (Michalet) Buchenau, Ind. Crit. Abh. Nat. Ver. 
Bremen 2:34. 1871. A. Plantago B decumbens Boiss. Fl. Orient. 529. 
1884.—Scapes two to four (usually three), growing out one by one, and 
thus showing the highest number late in the season, always unequal in 
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length according tv age, commonly bent in different shapes, often like an 
S$, adscendent, strict or procumbent, 6-60°™ high; thick, fleshy, fragile, 
like the whole plant, when young, tough and leathery when old. Leaf- 
blades varying from broadly lanceolate to linear, tapering at both ends, 
usually 5-ribbed, 2-15°™ long. o.5-2°™ wide, somewhat glaucescent; 
petioles 3-35°™ long, the length differing very much between the petioles 
of the same plant. The lowest part of the petiole is dilated, but only half 
as much as in A. Plantago, and with a narrow, scarious margin (A. Plan- 
tago has the lowest part of the petiole very much dilated and broadly 
scarious-margined). The inflorescence has generally a more rounded out- 
line and apex than that of A. Plantago, and some or all of the leaves reach 
higher than the top. (At the late fruiting season the inflorescence of one 
of the scapes will generally reach above the top of the longest leaf.) Pedi- 
cels verticillate in two to six rows, the shorter generally thicker than the 
others, horizontal (or sometimes drooping), forming secondary verticils, 
but seldom tertiary. each verticil subtended by three lanceolate, acuminate 
bracts. Petals 1-2™™ long, light rose-colored, with the yellow spot of 
the unguis comparatively much larger than in A. Plantago, 1.5 times 
longer than the sepals, the upper margin often more or less fimbriated. 
Sepals striate, with seven pairs of ‘“‘nerves,” oval, with deeply rose-colored 
hyaline margins, often giving the predominant color to the flower. Stamens 
six, of the same length as the ovules. Styles numerous, bent outwards in 
a hook, shorter than the ovules. Nuts joined inwardly, and thus covering 
the center of the receptacle-—The species is subdivided as follows: 

Var. PUMILUM Prahl, Kritische Flora 23204. 1890.—A. Plantago arcu- 
atum minimum Buchenau, |. c. A. Plantago pumilum Notte in Sonder, 
Flora Hamb. 210. 1851.—With usually a single verticil (more seldom two). 

Var. lanceolatum (Buchenau) Lunell.—A. lanceolatum et A. Plantago 
lanceolatum auct. div.—Leaf-blade elliptic to lanceolate (seldom linear- 
lanceolate), acute, tapering at both ends. This is the usual terrestrial or 
emersed form, growing under exactly the same conditions as A. Plantago, 
and mixed with it. (Fig. 1.) 

Var. angustissimum (Aschers. et Graebn.) Lunell.—A. Plantago arcua- 
tum angustissimum Aschers. et Graebn. I. c. p. 384. A. natans Poll. Hist. 
PI]. Palat. 3:319. 1777. A. Plantago angustissimum DC. FI. Franc. ed. 3. 
5:312. 1815. A. Plantago graminijolium Wahl. Fl. Ups. 122. 1820. 
A. graminijolium Ehrh. in Steud. Nom. 1:26. 1821. A. angustijolium 
in Opiz Béheims Phan. u. Crypt. Gew. 48. 1823. A. graminea Gmel. 
Fl. Bad. 4:256. 1826. A. Loeselii Gorski, Eichw. Nat. Skizze Litth. 127. 
1830. <A. longijolium Presl. Sommer K6nigr. Béhmen 15:xlvi. 1847. 
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Fic 1.—Alisma arcuatum lanceolatum. 
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A. arcuata graminijolia Casp. Schrift. Phys. Okon. Gesellsch. Kénigs- 
berg 25:ii. 1884. A.arcuata aquatica Celak. |. c. 417.—Totally or partly 
submersed. All or most of the leaves swimming, linear, from a few to 
too long, without blades (or one, or a few of the leaves with a linear- 
lanceolate blade, either swimming, or on a stiff petiole reaching above the 
surface of the water). Inflorescence more or less emersed or even sub- 
mersed. Where the water is getting lower, it passes into var. /anceolatum, 
and plants with linear leaves without blades (phyllodes), within three or 
four weeks, with the gradual lowering of the water-level or disappearance 
of the water, have been transformed into typical specimens of var. lanceo- 
latum, according to repeated observations by myself and others. 

According to BUCHENAU, A. arcuatum is distributed only over central 
Europe, northern Africa, and western Asia (to Persia and western Siberia). 
To this belt of territory can now be added North Dakota, where I have 
found var. pumilum along Oak Creek, near Bottineau, and the other two 
varieties at Leeds and York. They have been collected during the 
months of July and August. 

In the above presentation some additions of characters have been made 
to the original descriptions, and also some modifications thereof, to con- 
form with conditions existing in North Dakota; but none of them has 
changed the essential features of the species. J. LuNELL, Leeds, North 
Dakota. 











CURRENT LITERATURE 


BOOK REVIEWS 


Handbook of Dendrology 

The first volume of SCHNEIDER’s work is now complete and it must be 
judged a very important addition to dendrological literature.‘ It contains the 
families from Salicaceae to Pomaceae, and therefore deals with some of the most 
difficult families and genera of ligneous plants. The treatment is very exhaustive 
and an immense amount of information has been crowded into a comparatively 
small space. This could not be done without some disadvantage, however, for 
the numerous abbreviations make the perusal of the book somewhat difficult 
until one has become familiar with the shortened technical terms and the whole 
arrangement of the book. At the first glance it becomes apparent that the work 
is not a mere compilation, but based on original and thorough studies. The 
author shows himself well versed in botanical literature, both the older and the 
more recent, and must have examined a vast amount of herbarium material, for 
he quotes freely herbarium specimens, particularly in the more critical and in the 
new and more recently published species; in regard to Crataegus, for instance, 
he remarks that he had examined about 2000 specimens of American species. 

The general treatment resembles somewhat that of ASCHERSON and GRAEB- 
NER’S Mitteleuropdischer Flora, and, as in that work, much attention has been 
paid to varieties and hybrids, which of course is to be expected in a book devoted 
chiefly to cultivated plants. The arrangement of the species under dichotomous 
keys facilitates determination; some large genera are preceded by special keys, 
e. g., there is a key to determine the 65 species of oaks from the foliage, and one 
to determine the 62 species of willows from flowering specimens without leaves. 
A great help for the determination are the numerous clear and well-reproduced 
illustrations, mostly representing analyses; according to the numbering they are 
460, but each consists of 10 to 20 separate drawings, chiefly by the author himself. 
Not only are the species actually in cultivation described, but also related species 
not in cultivation and species likely to be sooner or later introduced are mentioned 
and more or less fully described, so that in several cases the treatment amounts 
really to a short monograph on the genus in question. Many new species and 
varieties, chiefly from China, but also from North America, appear here for the 
first time, and of course a large number of new combinations have incidentally 
been made. The nomenclature is that of the Vienna Congress; unfortunately 


« SCHNEIDER, CAMILLO Kart, Illustriertes Handbuch der Laubholzkunde; 
Charakteristik der in Mitteleuropa einheimischen und im Freien angepflanzten angio- 
spermen Gehélz-Arten und Formen mit Ausschluss der Bambuseen und Kakteen. 
Band I. 8vo. pp. 810. figs. 460. Jena. 1904-1906. 
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the first parts of the book were published before that congress, and in these, 
therefore, a somewhat different nomenclature had been used, but the deviations 
from the Vienna rules are corrected at the end of the volume. 

There is much in the book of great importance to American botanists. Gen- 
era like Philadelphus, Cercocarpus, Holodiscus, Spiraea, Prunus, Amelanchier, 
Crataegus, and other American genera of Saxifragaceae, Drupaceae, Rosaceae, 
and Pomaceae are exhaustively treated and many valuable notes on the affinities, 
the systematic value, and the conception of American species are included. It 
would of course be impossible to give here further details of the author’s treat- 
ment of American species and of his notes and remarks, nor would it be of much 
use to select at random a few of them. 

The book will prove not only indispensable to every student of cultivated 
trees and shrubs, but will also be of great importance to every botanist engaged 
in the study of the American, European, and Asiatic floras. In fact the work 
will amount almost to a representation of the whole ligneous flora of the tem- 
perate and colder regions of the northern hemisphere when it is completed, and 
it is to be hoped that the following volume or volumes will show the same thorough 
and careful treatment as the one now before us.—ALFRED REHDER. 


Errera Botanical Institute 


Two sumptuous volumes have recently appeared, containing the papers 
originating in this Institute.2_ As a publication the Recueil was planned by the 
late Professor LEo ERRERA in 1902, and the first four volumes were intended to 
contain all the work done before that date in the botanical institute of which he 
was the inspiring director. But of these four only volume 1 is now first pub- 
lished. Volume 5 appeared in 1902 and contained papers prepared in 1g00- 
1901. Volume 6 continues the series, under the editorship of Professor Mas- 
SART, the successor of the lamented founder, whose name the institute now bears. 

In volume 1 as a frontispiece will be found an excellent photogravure of 
Professor ERRERA; ground plans of the institute are inserted; there are eleven 
papers by ErRERA himself, mostly reprinted, bearing on glycogen in the plant 
kingdom, beginning with his thesis in 1882 and closing with the posthumous and 
incomplete papers which have already been noticed in this journal. Other 
reprints are: 

The titles of three papers and the text of one, by Emite Laurent, all dealing 
with the physiology of yeasts, and another on the formation of starch from 
organic solutions; GEORGES CLAUTRIAU’S paper (1895) on glycogen in fungi, 


2 Recueil de |’Institut botanique (Université de Bruxelles) publié par L. ERRERA. 
Tome I, avec cing planches. Glycogéne, amidon et autres réserves non azotées. 
Recueil de l'Institut botanique Léo Errera (Université de Bruxelles) publié par 
JEAN Massart. Tome VI, avec vingt-sept figures dans le texte et vingt-trois planches. 
Bruxelles: Henri Lamertin. 1906. Each /r. 25. 


3 Bot. GAZETTE 41:370. 1906, and 43:79. 1907. 
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and another on the hydrocarbon reserves (1899); and N. ENscH’s researches on 
glycogen in Myxomycetes (1899). 

Volume 6 likewise consists chiefly of reprints, opening with MassarT’s 
memoir on irritability (1902); MOoLLr’s account (1902) of an alkaloid, cliviine 
in Clivia miniata Benth.; ERRERA’s discussion (1903) of the limit of minuteness 
of organisms, and (1905) of the struggle for precedence and inhibitory action;* 
JOSEPHINE WERY’S experiments (1904) on the attraction of bees by flowers; 
VAN RIJSSELBERGHE’S physico-chemical paper (1905) on the properties of mixed 
solutions and the physiological determination of their osmotic pressure; JACQUE- 
MIN’s microchemical study (1905) of the localization of alkaloids in Leguminosae; 
ERReERA’s incomplete work on hygroscopicity as the explanation of ELFvING’s 
“physiological action at a distance” (of which more below), and a prelimi- 
nary note suggesting that the form and development of leaves are related 
to atmospheric electricity; finally Mattaux and Massart’s paper on the 
chemical stimuli which affect the process of cell division. 

ERRERA’S paper on hygroscopicity has been edited by CoMMELIN from manu- 
script written in 1891, at which time ERRERA’s experiments on the curvatures 
observed by ELFVING in Phycomyces led him to ascribe them to hydrotropism; 
but these results were not published in full. Lately he had felt that it was neces- 
sary to reinvestigate the matter in the light of the new discoveries in radiation, 
and on this task he was engaged in 1905 at the time of his death. His notes and 
conclusions, so far as they could properly be used, have been incorporated by 
the editor; but the paper remains a fragment—yet a valuable one. 

The volumes show the ttemendous activity inspired by this genial savant, 
whose loss is felt most keenly. It is to be hoped that the Institute will continue 
its fine record under its new energetic director.—C. R. B. 


Water relations of desert plants 


Livincston has issued as publication 50 of the Carnegie Institution an 
account of studies made chiefly in the summer of 1904,° at the Desert Botanical 
Laboratory. He examined the soil moisture, atmospheric conditions, and the 
evaporation from ‘water surfaces and plants. These studies are a worthy contri- 
bution to the solution of the problem of water relations of plants in the desert, 
in which many have interested themselves; but the end is not yet. 

The soil of Tumamoc Hill, on which the laboratory is situated, was found to 
have a high retentive power, and to contain, even at the end of the dry season, 
12-15 per cent. of water (by volume) at a depth of less than 4o°™, an amount 
quite adequate to the needs of the desert plants. The water penetrates deeply 


4See Bot. GAZETTE 412221. 1906. 
5 See Bot. GAZETTE 403476. 1905. 


6 Livincston, B. E., The relation of desert plants to soil moisture and to evapora- 
tion. Imp. 8vo. pp. 78. figs. 16. Publication no. 50. Carnegie Institution, Wash- 
ington, D. C. 1906. 40 cents. 
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and rapidly along rock faces, and its real evaporating surface soon lies below the 
actual surface, the upper dry layers acting like a dust mulch. The seedlings send 
roots downward very rapidly and are slow in developing foliage until the root 
system is extended deep. The sap of cacti is found to have an osmotic pressure 
not notably higher than that of many mesophytes; but the gums, etc., in their 
cells, which do not sensibly raise osmotic pressure, hold back water. An evapo- 
rimeter, consisting of an exposed tube of porous porcelain filled with water and 
connected with a burette, enables ready measurement or automatic record of the 
effect of atmospheric conditions on evaporation, and by calibration the measure- 
ments may be converted into evaporation rate per surface unit of free water. 
Experiments show that no clue to real facts is given a study of transpiration from 
plants in a closed chamber,’ because of the striking effects of air currents. Rela- 
tive transpiration, i. e., the ratio of evaporation from a plant to evaporation from 
the same surface of free water, is proposed as the best way of expressing the 
facts. The highest relative evaporation noted was 0.785 and the lowest 0.008. 
Observations indicate a “‘physiological regulation” of transpiration, in which 
air temperature is apparently the dominant factor. 

Throughout, the work shows the purpose of the author to grapple with the 
problem as a physical one; only here and there a phrase survives, such as ‘‘the 
absorptive power exerted by the plant,” that recalls the less modern attitude. 
Surely it is only by conceiving the plant,-the air, and the soil as a system, within 
which exchanges occur under very definite and definable physical conditions, 
that we can hope to state these exchanges intelligibly. Why not modify the 
evaporimeter by putting the foot of its water column into the soil and then try 
to state the changes within that system? When that can be done, there is hope 
for plant evaporation, and not till then—C. R. B. 


MINOR NOTICES 


Key to woody plants.—In 1904 WIEGAND and FoxwortsHy published a very 
useful Key to the genera of woody plants in winter, including the genera with 
hardy representatives found growing wild or in cultivation within the state of 
New York. The first edition was exhausted, and a second one has now appeared.® 
The text has been revised, but not much enlarged, two or three genera have 


been added, and the keys to the conifers have been considerably expanded.— 
J. M.€. 

Food for plants.—A new edition of a booklet under this title by HARRIS and 
Myers is edited and published by Wm. S. Myers, who is now devoting his time 
and energy to the nitrate of soda propaganda. It goes without saying that the 
term “‘food’”’ as used applies to the mineral salts which yield nitrogen and phos- 
phorus. The book is a queer mixture of general information for the curious, 








7 C}. CANNON’S polymeter method, Bull. Torr. Bot. Club 32:575. 1905. 


8 WIEGAND, K. M., and Foxwortny, F. W., A key to the genera of woody plants 
in winter. Second edition. pp. 33. Ithaca, N. Y.: The authors. 25 cents. 
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results of experimental cultures, directions for raising various crops with appro- 
priate fertilizers, business maxims, a plea for good roads, etc. It has neither 


coherence nor apparent object beyond advertising under the guise of a hand- 
book.—C. R. B. 


Botanical literature.—Section M of the International Catalogue of Scientific 
Literature, devoted to botany, was published in July by the Royal Society of 
London. It contains the literature for 1904, and some belated entries for the 
preceding three years.» The volumes are improving in comprehensiveness and 
accuracy. Certainly no research laboratory can do without them.—C. R. B. 


Volatile oils —The semi-annual report of Scuimmet & Co., dated October- 
November 1906, contains an unusually extensive statement of the trade conditions 
respecting the volatile oils and the plants which produce them. Fifty pages also 
are devoted to a summary of recent researches on terpenes and the terpene 
derivatives.'°—C. R. B. 

Genera Siphonogamarum.—The ninth fascicle of DALLA TorRE and Harms?! 


list of the genera of seed plants continues the general alphabetical index of names, 
the last entry being Diplopeltis.—J. M. C. 


NOTES FOR STUDENTS 


Galvanotropism of roots.—T wo studies on this topic appeared almost simul- 
taneously last autumn. SCHELLENBERG investigated the influence of salts on 
the direction of growth of the roots of peas,'? using roots of seedlings grown to a 
length of 3-4°™ in moist sawdust and then fixed vertical in very dilute solutions 
of various salts, with cotyledons exposed. The experimental vessel with the 
solution was connected by filter-paper bridges with vessels at each side which 
contained the same solution, and into these were led metallic electrodes with a 
current of 2-6 volts, and o.1 to .oor milliampere. Neglecting the effects of 
stronger currents, which produce curvatures due to death or disturbances of 
growth, the vast preponderance of response was a turning toward the anode, 
NH, Cl alone showing 6 out of 8 curvatures toward the cathode. Chemotropic 
studies have shown that the reaction changes with concentration; it likewise 

© International Catalogue of Scientific Literature. Fourth annual issue. M. 
3otany. Published for the International Council by the Royal Society of London. 
London: Harrison & Sons. 37s. 6d. 


10 Semi-annual report of SCHIMMEL & Co. (FRITSCHE Bros.). Miltitz near Leip- 
zig. 12mo. pp. 161. New York: Fritsche Bros. 1906. Free. 


tt DALLA TorrE, C. G. DE, and Harms, H., Genera Siphonogamarum ad systema 
Englerianum conscripta. Fasc. 9. pp. 641-720. 


Leipzig: Wilhelm Englemann, 1907. 
M 6. 


12 SCHELLENBERG, H. C., Untersuchungen iiber den Einfluss der Salze auf die 
Wachstumsrichtung der Wurzeln, zunichst an der Erbsenwurzel. 
1900. 


Flora 96:474-500. 
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reverses with increasing concentration of solution when an electric current trav- 
erses it. Further, the reaction was found to be an additive effect, depending 
upon the sum of the specific actions of the cathions and the anions. From all 
the phenomena the author is led to a conclusion, neither novel nor very well 
founded, that with salts chemotropism and galvanotropism are identical, both 
being explicable by the migration of ions into the cell and the disturbance of 
electrical equilibrium they there produce. In chemotropism the migration is 
due to a concentration gradient, in galvanotropism to the electric current. When 
non-electrolytes call forth chemotropic responses (as certainly they do) SCHEL- 
LENBERG would explain the action by a modification of the permeability of the 
plasma to the internal salts, whose unequal outward diffusion disturbs the inner 
electric equilibrium. The experimental work of this paper lacks definiteness and 
seems to be devoid of sufficient precautions. 

GASSNER, working in Kny’s laboratory in Berlin, concludes that galvan- 
otropism is only a form of traumatropism.'’ His seedlings were placed in small 
boxes with perforated cork bottoms, through which the roots protruded into a 
vessel of tap water, frequently renewed, and through an equal cross-section of 
this passed the electric current from carbon electrodes of uniform size. He used 
the commercial current of 110 volts, up to 17 milliamperes. But as he found 
current density (strength of current divided by its cross-sections) to be a control- 
ling factor, caeteris paribus, he states this always in milliamperes per cm?. (To 
this factor SCHELLENBERG seems to have paid no attention.) On that basis the 
currents used varied from 0.001 ma. to 5 ma., those most used lying below o.1 ma. 

With weakest currents there was no curvature; with currents from a certain 
density and time of action up, a curvature toward the cathode; with stronger 
currents or longer time, first a curvature toward the anode in the part above the 
growing zone, then a paratonic growth-curvature toward the cathode in the 
growing zone, thus producing $-curvatures; with further increase in current, 
complete curvature toward the anode, the injury retarding or inhibiting growth 
on the cathode side even in the growing zone; with still stronger current, partial 
curvature toward the anode, growth being soon arrested by death; finally, no 
curvature with currents that cause death too promptly. Differences were ob- 
served in the response of different plants to like currents. The positive (toward 
anode) and negative curvatures are held to be of different nature. The former, 
earlier in time, is due to injury by reduction of turgor in full-grown cells on the 
anode side; the latter to retardation of growth on the cathode side of the growing 
region. (Since a current which will produce only positive curvature in a given 
time will with longer duration produce negative curvature, it would seem that 
such a distinction in ‘‘nature” could hardly be valid.) The negative curvature 
is analogous to curvatures due to geotropism, traumatropism, etc., in which the 
root tip is the percipient part. 


13 GASSNER, G., Der Galvanotropismus der Wurzeln. Bot. Zeit. 64!: 149-222. 
figs. 12. 1906. 





220 BOTANICAL GAZETTE [MARCH 


All curvatures, especially the S-ones, are parallel with traumatropic curva- 
tures. GASSNER rejects BRUNCHORST’S explanation (the action of the products 
of electrolysis, to which in essence SCHELLENBERG adheres) and that of RIscHAw1 
(accumulation of water on the convex side), claiming that galvanotropism is only 
a special case of traumatropism, in which the injury to the positive side is prob- 
ably wrought by the passage of the current, as happens with other semipermeable 
membranes. Admitting that the electric current probably produces its effects by 
reason of migration of ions, GASSNER definitely declines to identify galvanotropism 
with chemotropism, since the latter itself may be only a modified form of trau- 
matropism or indeed of osmotropism. Nor does he think the entry of hydroxyl 
ions on the anode side can account sufficiently for the injury, because by calcu- 
lation their amount is infinitely small, and in an experiment rootlets of corn, 
containing red anthocyan, showed no change of color, though they curved well 
in a strong current. Rather he would ascribe the injury to the emigration of 
ions from the plasma. 

The observations in these two papers are not so wide apart, nor are the 
interpretations so antagonistic as they at first appear.—C. R. B. 


Paleozoic botany.—In his presentation of the present status of paleozoic 
botany, Scott’ dismisses the lower cryptogams with the brief space (7 pages) 
which their recorded occurrence in the paleozoic strata warrants, and devotes the 
remainder of his article to the Vasculares. He adopts provisionally the division 
of vascular plants into two phyla, the Lycopsida and the Pteropsida, as proposed 
by Jerrrey. Under the Lycopsida are ranged the following classes: Spheno- 
phyllales, Equisetales, Psilotales, and Lycopodiales. The first two classes are 
included under a group name, Articulatae, a propinquity of relationship thus 
being recognized, which was first pointed out by JEFFREY and subsequently by 
LicnieR. In his treatment of the Sphenophyllales the author describes the 
features of the various types, already for the most part generally known from 
his textbook. One genus new to the general student is NATHoRST’s Pseudo- 
bornia from the Upper Devonian of Bear Island, which is regarded by its author 
as the type of a special class, the Pseudoborniales. It is characterized by highly 
dichotomously divided and pinnatifid leaves, which have a certain resemblance 
to fern-fronds, a resemblance which is considered by Scott as of sufficient impor- 
tance to indicate a certain affinity between the sphenophyllaceous stock and that 
of the Filicales. Unfortunately nothing is yet known of the internal structure of 
Pseudobornia. The author regards the characters of Psilotum and Tmesipteris 
as sufficiently distinct from those of the Lycopodiales to warrant their separation 
as a special class, the Psilotales. Indeed, he is of the opinion that their peculiar 
sporophylls find their nearest counterpart in those of the Sphenophyllales. The 
author even states that if he had to choose between lycopodineous and sphenophyl- 
laceous antecedents for his new class he would choose the latter. 


14Scott, D. H., The present position of paleozoic botany. Progressus Rei Botan- 
icae, redigiert von J. P. Lotsy, pp. 139-217. 1906. 
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Under the Pteropsida are grouped the classes Filicales, Pteridospermeae, and 
Gymnospermeae, the two latter being regarded as of coordinate importance and 
constituting the Paleozoic Spermophyta. The author in his discussion of the 
Filicales makes a strong stand against the tendency to include all paleozoic fili- 
coid plants in the Pteridospermae. He points out that there is clear evidence 
that the Botryopterideae of RENAULT were true ferns. This is likewise in all 
probability true of other apparent filicinean remains, of unresolved affinity, 
characterized by the presence of annulate sporangia, for which the author pro- 
poses the form-generic name Pteridotheca. ‘There is further good evidence in 
fruiting fronds referred to Ptychocarpus, Asterotheca, etc., with synangial spo- 
rangia resembling those of existing Marattiaceae, as well as in stems presenting 
the anatomical structure of Psaronius, for the existence of ferns like the Marat- 
tiaceae in paleozoic times. 

The paleozoic seed-plants are included under two coordinate classes: the 
Pteridosperm(e)ae and Gymnosperm(e)ae, which are spelled with an unusual 
and perhaps superfluous e. The description of the Pteridospermae (Cycad- 
ofilices of Povonré) contains little which is not to be found in the author’s lecture 
before the Vienna Congress. He states very clearly however his reasons for 
regarding the Pteridospermae as a group ccordinate with the remaining gymno- 
sperms as at present recognized: (1) the mega- and microsporangiate sporo- 
phylls were little modified from ordinary vegetative fronds; (2) the anatomical 
structure was more clearly fern-like than that found in any other gymnosperms. 
It may well be objected, however, that the Pteridospermae were essentially gymno- 
sperms, that the Cycadophyta, taken as a group, present equally fern-like mega- 
and microsporophylls, and that the anatomical peculiarities of the Pterido- 
spermae can nearly all be duplicated in the lower Gymnospermae. Whether or 
not the Pteridospermae stand as a distinct class coordinate with the remaining 
Gymnospermae, there can be no question that their discovery constitutes the 
principal advance in many years in our knowledge of the Spermaphyta. All 
botanists must be grateful to the author for his lucid and interesting account of 
paleozoic plants, which he has done so much to restore and rescue from oblivion. 
In looking over these pages, one is tempted to call the article an original compila- 
tion, so large and important, albeit not in any way disproportionate, a part, do 
the author’s own investigations make of the whole.—E. C. JEFFREY. 


Cytological studies on the Cyanophyceae.—Two contributions's *© on the 
cytology of the Cyanophyceae have recently appeared, which add a few new 
features to an already much confused subject. GARDNER regards as the chief 
trouble which has obscured the truth for former investigators their ‘failure to 
discover a method which would clearly, definitely, and unmistakably differen- 








15s GARDNER, N. L., Cytological studies in Cyanophyceae. Univ. Calif. Pub. Bot. 
2:237-96. pls. 21-26. 1906. 

t6 GUILLIERMOND, A., Contribution & |’étude cytologique des Cyanophycées. Rev. 
Gén. Bot. 18:392-408, 447-65. pls. 9-13. 1906. 
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tiate the structures which are present.’’ He has discovered that material treated 
with a strong solution of iodin; then washed with 95 per cent. alcohol; finally 
placed in water and pressed upon and rolled under a cover glass gives prepara- 
tions ‘‘in many ways superior to microtome sections.” Hence the many colored 
figures which accompany his paper are all drawn from optical cross or longi- 
tudinal sections rather than from microtome sections. Such a method appears to 
the reviewer entirely inadequate to solve the difficult problems pertaining to the 
cells of the Cyanophyceae. 

The central body, which is regarded by GARDNER as a nucleus, consists of a 
thread-like structure composed of chromatin (as evidenced by staining reactions); 
a ground substance (not differentiated in his drawings); and ‘‘a-granules” 
(the slime globules of former authors). The ground substance acts, in his opin- 
ion, simply as a matrix for the chromatin elements and plays no essential réle in 
nuclear division; as to whether this is achromatin or not, the author withholds 
judgment. Three types of nuclei are distinguished: (1) the diffuse type, which 
is characteristic of most of the fifty forms examined; (2) the net-karyosome type, 
found only in Dermocarpa—which presents a new kind of nuclear division, in 
that a large nucleus is represented as breaking up simultaneously into a large 
number of daughter nuclei; and (3) the primitive mitosis type, found likewise in 
one species only. The nuclei of types 1 and 2 divide by simple amitosis; while 
in type 3 the breaking up of the chromatic thread into three long parallel seg- 
ments is regarded as a step toward mitosis. 

GARDNER finds no special chromatophore. The first product of assimilation, 
in his opinion, is grape sufar, some of which is converted into glycogen and thus 
stored. He adds some interesting experiments on the effects of various changes 
of habitat, such as from salt water to fresh and to distilled water, alternate drying 
and submergence in water, the effect of prolonged darkness, etc. He finds that 
such changes do not produce any marked change in cytological characters. 

GUILLIERMOND, who also apparently used no sections in his study, is in 
general agreement with GARDNER’S conclusions. He prefers, however, to regard 
the central body as a sort of nucleus reduced to the state of a ‘‘chromidial”’ 
network. It is in reality ‘‘un noyau sans membrane” (a conclusion which nearly 
all other investigators who accept the nuclear nature of the central body have 
held before him). GUILLIERMOND comes to one conclusion, however, which is 
apparently new, namely that there are present in the central body two kinds of 
granules, whereas GARDNER as well as most other investigators have distin- 
guished only one. The one or two large, conspicuous granules of the central 
body GUILLIERMOND refers to the nucleolus-like bodies of A. MEYER (in my 
opinion the so-called slime globules). Besides these, he distinguishes the meta- 
chromatic granules; smaller numerous granules which he regards as correspond- 
ing to the slime globules (PALLA), or red granules (BUTSCHLI), or anabaenin 
granules (FISCHER), or volutin granules (MEYER). Their appearance in some 
of his drawings suggests, however, what have been called by the reviewer, in a 
paper on the subject, chromatin granules. It seems likely, in fact, that GuiL- 
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LIERMOND, at least in some of his drawings, has combined _in his metachromatic 
bodies two distinct kinds of granulations,"namely, chromatin granules and slime 
globules.—EbGar W. OLIVE. 


Papers on algae.—The following papers on algae appear in the volume of 
papers issued by the students of Dr. F. R. KJELLMAN in honor of his sixtieth 
birthday. 

BorGeE”? lists forty-six species (mostly desmids) of fresh-water Chlorophyceae, 
of which several are new to science, from collections made \by!Dr.{P. Dusén in 
Magellan Ter. in 1896, and in Tierra del Fuego Ter. and Desolation Island in 
1906. He also enumerates 77 species, comprising all the fresh-water Chloro- 
phyceae known at the present time from the islands south of Magellan Strait. 

Kytrtn"® describes and figures four species of Chantransia, three of which are 
new to science. 

SVEDELIUs'? made a thorough study of the Ceylon reef vegetation at Point de 
Galle in the year 1902-03; first at the time of the winter or northeast monsoon 
(November—March) and later at the time of the summer or southwest monsoon 
(August). His observations were carried on with a view to establishing the 
existence of a periodicity in the marine vegetation of this region, and to showing 
how this was manifested and from what it resulted. He found that there is an 
undoubted antagonism between living coral and algal growth. Only certain 
calcareous algae and forms with creeping rhizomes, such as Caulerpa clavifera, 
can survive. Algal life was richest upon dead coral ledges and exposed rocks. 
The Florideae unquestionably dominate the vegetation of the littoral region at 
Point de Galle. The color of these forms is peculiar, being dark violet, gray- 
brown, or gray-green, instead of red or purple. It was proved that a marked 
periodicity prevails in the littoral algal flora on the coast of Ceylon. Certain 
species occur only at a certain time during the year, and their period of develop- 
ment is extremely limited. The chief mass of vegetation is made up of perennial 
species which live throughout the year; of these many produce fruit only during 
a certain time. Some species show no indication of periodicity, but appear 
the same at all times of the year. It was established that the periodicity depends 
upon the change of monsoon (Monsunwechsel), but the exact causes for this are 
not yet made clear. Apparently the condition of the water (temperature, salinity, 
amount of agitation), as influenced by the monsoon, might have considerable 
effect upon the periodicity. 

SKOTTSBERG?° accompanied the Swedish Antarctic Expedition and was in 


17 BorGE, O., Siisswasser-Chlorophyceen von Feuerland und Isla Desolacion. 
Botaniska Studier, tillagnade F. R. KJELLMAN, 21-34. pl. 2. figs. 5. 

18 KyLIN, HARALD, Zur Kenntnis einigen schwedischen Chantransia-Arten. Op. 
cit. 113-26. figs. 9. 

19 SVEDELIUS, Nits, Ueber die Algenvegetation eines ceylonischen Korallen- 
riffes mit besonderer Riicksicht auf ihre Periodizitait. Op. cit. 184-221. pl. 6. figs. Io. 

20 SKOTTSBERG, CARL, Observations on the vegetation of the antarctic sea. Op. cit. 
245-64. pls. 7-09. 
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antarctic regions during January and February 1g02, and in November and 
December of the same year. The South Shetland Islands and Graham Land 
(Louis Phillippe Peninsula, the Palmer Archipelago, Ross Island, and Snow Hill 
Island) were visited. The purpose of the paper is to give a short description of 
the meteorological and hydrographical conditions which rule the antarctic marine 
flora, a general survey of its appearance, and a rough sketch of its systematic 
composition. A list of 35 species of antarctic algae is furnished. According to 
the author, “the general character of the flora of the Graham region discloses 

. several interesting, probably ancient, endemic types, and a large percent- 
age of subantarctic, especially magellanian, species. Nothing favors the so-called 
bipolar forms.””—JOSEPHINE E. TILDEN. 


Morphology of Cephalotaxus drupacea.—It is interesting to compare the 
results of the study of Cephalotaxus Fortunei by COKER”! with the results obtained 
by Lawson”? in a study of C. drupacea and published almost simultaneously. 
The two accounts are so nearly identical in the main features, that one may have 
a feeling of confidence that our knowledge of the structures described in these 
papers is well established for the genus. Cephalotaxus has been a genus of special 
interest on account of its supposed primitive character, emphasized in recent 
years by the study of its vascular anatomy. The studies of the reproductive 
structures seem to contradict this claim to a certain extent, as have all recent 
similar studies of other Taxineae. 

The main results of LAwson’s study of C. drupacea may be summarized as 
follows: In the germination Of the microspore no prothallial cell is cut off, and 
before pollination the generative and tube nuclei have been organized. Pollina- 
tion occurs late in March, but no further nuclear divisions take place until the 
following spring, when the pollen tube begins to penetrate the nucellus and the 
generative nucleus divides. When the tube has reached the archegonial chamber, 
which takes about ten days, the nucleus of the body cell divides, forming two 
sperm nuclei of equal size, but with no wall-formation. The female gametophyte 
develops in the usual way, with free nuclear divisions, vacuolation and the pari- 
etal placing of the free nuclei, wall-formation, and centripetal growth. Four 
archegonia are organized, each with a distinct chamber, and with two or frequently 
three neck cells. A ventral canal nucleus is cut off and degenerates before fer- 
tilization. In fertilization the entire contents of the pollen tube are discharged 
into the egg, but the two sperm nuclei are not released from the membrane of 
the body cell until the interior of the archegonium is reached. The fusion nucleus 
gives rise to four free nuclei near the center of the egg, which pass toward the 
bottom, accompanied by the various food materials, where divisions continue 
until sixteen free nuclei are formed, when the first walls appear. Finally four 


21 COKER, W. C., Fertilization and embryogeny in Cephalotaxus Fortunei. Bor. 
GAZETTE 4331-10. pl. I. figs. 5. 1907. 


22 Lawson, A. A., The gametophytes, fertilization, and embryo of Cephalotaxus 
drupacea. Annals of Botany 21:1-23. pls. I-4. 1907. 
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tiers of walled cells are organized, the uppermost being the “‘rosette,” the next 
developing the suspensor, the third forming the embryo, and the terminal one 
developing the ‘‘penetrating cap”’ characteristic of the genus. The embryo may 
reach the 16- or 32-celled stage before the suspensor begins to elongate. After the 
full development of the suspensor a series of long “embryonal tubes” arise from 
the proximal cells of the embryo. An interesting observation is the budding out 
of small secondary embryos from the main group of embryo cells, though ordi- 
narily but a single embryo is produced by the fertilized egg.—J. M. C. 


Coastal plain of Georgia.—Concerning none of the older settled portions of 
the United States has there been so much difficulty in obtaining accurate informa- 
tion on plant distribution as for the extreme southeastern coastal plain. Because 
of its recent origin as a land area, its proximity to one of the most ancient land 
masses, and its connection with the tropics by way of the Florida peninsula, it 
forms one of the most critical regions on the continent for the investigation of 
plant origin, migration, and acclimatization. R.M. HARPER?3 has recently pub- 
lished the results of his investigations in southern Georgia and has made an 
important contribution to North American phytogeography. The classification 
of his observations, the clearness with which the results are presented, and the 
excellence of the illustrations add much to the value of the paper. 

The first part of the volume is devoted to a brief summary of the geological 
divisions of eastern North America and the subdivisions of the Georgia coastal 
plain. The Altamaha Grit forms a strongly marked physiographic region. It is 
probably Pliocene in age, occupies the middle third of the coastal plain of Georgia, 
and its topography is typically rolling. Rock outcrops are rare, the soil being 
formed mostly by the overlying LaFayette (sand and clay) and Columbia (sand) 
formations. The vegetation is discussed under nineteen ‘“‘habitat groups,” 
among which are rock outcrops, dry pine-barrens, moist pine-barrens, swamps, 
cypress ponds, sand hills, and hammocks. In each case the plant list is most 
carefully analyzed and shows at a glance the trees, shrubs, vascular and non- 
vascular herbs, their relative abundance, duration, flower color, and evergreen 
or deciduous habit. Each list is accompanied by a phenological diagram exhib- 
iting the times of flowering. ‘The accompanying descriptions give the character- 
istics of the habitat, ecological notes, geographic ranges of the plants, and their 
taxonomic relationships. In the final summary the relations of the typical habi- 
tat groups to each other and to other regions are represented by diagrams; some 
exceptional habitats are described, the weeds are listed, and the effects of civili- 
zation discussed. 

The second part of the paper presents a history of botanical exploration in 
the region, an annotated catalogue of the species, a summary of the catalogue, 
and a list of the papers consulted.—E. N. TRANSEAU. 


23 HARPER, ROLAND M., A phytogeographical sketch of the Altamaha Grit region 
of the coastal plain of Georgia. Annals N. Y. Acad. Sci. 1'7!:1-415. pls. I-28. 1906. 
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Constriction of twigs by bag-worm.—Von SCHRENK publishes an account of 
interesting observations made by him on the constriction and consequent deforma- 
tion or death of twigs, produced by the bands, about 3™™ wide, spun by the bag- 
worm (Thyridopteryx ephemeraejormis Haworth) for suspending its cocoon in 
late summer from the slender twigs, 3™™ in diameter or thereabouts, of various 
deciduous and evergreen trees. Most of these bands are burst by the renewed 
growth of the twig in the second year of its age and the “‘bag” drops off; but 
1.5-2 per cent. of the bands are too strong, and by resisting growth cause a 
deformity in the region of the girdle. Von ScHRENK has studied the anatomical 
changes produced, and the pressure to which, by its own growth, the twig is 
subjected. This he believes is two or three times the 15 atmospheres given by 
KRABBE as the pressure under which growth may continue. VON SCHRENK, 
however, bases his conclusions upon the breaking strength of the band, which 
indicated in tests of 400 a possible radial pressure of 4 to 162 atmospheres, the 
majority running from 14 to 44. The tested bands, however, were those not 
broken by the twig, and it is quite possible that the pressure due to growth reaches 
a maximum which was insufficient to rupture the band (perhaps far too little), 
but adequate to stop further growth under it. 

The argument that the excessive growth on one or both sides of the girdle 
is due to the fact that “‘the band has evidently stopped the passage of plastic 
materials through the bark absolutely,” or partly, or temporarily, and ‘“‘asa result 
of this an accumulation of these substances has taken place and the cambium 
layer .... has formed . .,. . cells to an enormous degree, as a result of which 
the outer part of the twig has grown very much in diameter,” is one that seems 
to put the cart before the horse. Is it not rather that this pressure acts as a 
stimulus and thus accelerates the growth of near-by cells, which itself brings to 
this place an adequate supply of food ?—C. R. B. 


Chemotaxis.—Kniep, working in Prerrer’s laboratory and using his well- 
known capillary-tube method, has sought to determine*4 whether various factors 
may strengthen or weaken or even abolish the sensitiveness of bacteria to definite 
reagents; and whether the variation in sensitiveness under such conditions holds 
for all chemical stimuli or is limited to certain ones, sensitiveness remaining 
unaltered toward others or being affected only by other conditions. He finds 
that definite alterations in the external conditions do excite or hinder at pleasure 
the reaction of certain bacteria to one group of substances, while the reaction to 
another is not affected. And this shows, he argues, that we have to do not 
merely with a chemical preceptivity, but with several; how many, is not known, 
for it is quite conceivable that different irritabilities possess a common property 
of being called out or released by the same change in the external conditions. 

The changes thus effected in the sensitiveness of the bacteria may be them- 
selves responses; and they may act by altering the intensity of stimulation or 


24 KNIEP, HANs, Untersuchungen iiber die Chemotaxis von Bakterien. Jahrb. 
Wiss. Bot. 43:215-270. 1906. 
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the character of the reaction, or by altering both. Cases of this kind are cited 
from his own researches and those of KLeBs, ROTHERT, VOCHTING, and others. 
This variation in sensitiveness has a parallel in that of other physiological char- 
acters, as, for example, the behavior of aerobes toward oxgyen, luminescence, 
pigment-formation, etc. The specific effect of acids and alkalies is likened to the 
effects of H+ and OH™— ions on various functions. Other observers, notably 
SHIBATA, have shown similar chemotactic sensitiveness of spermatozoids to both 
anions and cathions. 

The author points out ‘interesting and far-reaching analogies” between the 
chemischer Sinn of bacteria and the corresponding Geschmackssinn of man, and 
suggests that further investigations may find these phenomena more complicated 
than they now appear.—C. R. B. 





Camptotrophism and geotrophism.—T wo new terms are added to the vocab- 
ulary of irritable phenomena, and some interesting reactions described by 
BUcHER.’5 It appears that when a shoot capable of growth is forcibly bent, it reacts 
to the tensions thereby set up by thickening the walls and reducing the cell diam- 
eter in the mechanical tissues (collenchyma, bast, wood) on the convex side, and 
conversely, forming thinner walls and larger cells on the concave side. This 
reaction is due to Kamptotrophismus, being interpreted as belonging to the same 
category as WIESNER’S heterotrophisms. In like manner when a similar shoot, 
geotropically sensitive, is fastened in the horizontal position and prevented from 
responding to gravity, anatomical changes of the same kind ensue, which BUCHER 
ascribes to geotrophism. It is unfortunate that the new term is so like the well- 
established geotropism, with which it will be difficult to prevent confusion, even 
in English speech. 

Simple strain, in the normal position, as BALL showed, does not effect such 
anatomical changes; but both pressure and traction are effective in the phenomena 
referred to. The presentation time varies from 24 to 48 hours and the reaction 
time in Ricinus and Phaseolus is about 3 days. Forcible curvature and re- 
strained geotropic response combined give a summation effect; opposed, one 
usually prevails strikingly over the other. In Ricinus the geotrophic, in Abutilon 
and Euphorbia the camptotrophic response dominates. A similar reaction was 
found in heliotropic stems; analogously, heliotrophism may be predicated. In 
the excentric growth of the lateral branches of trees there are special reactions 
which affect the activity of the cambium and its differentiation, but geotrophism 
is restricted to young parts. Various observers have shown that there are also 
other causes for heterotrophism.—C. R. B. 





Life-history of cotton.—Batts*® has studied the life-history of Gossypium 
from floral development to the early stages of the embryo. Aborted anthers are 


25 BUcHER, H., Anatomische Verinderungen bei gewaltsamer Kriimmung und 
geotropischer Induktion. Jahrb. Wiss. Bot. 43:271-360. figs. 4o. 1906. 

26 Batts, W. L., The sexuality of cotton. Reprint from Yearbook of the Khe- 
divial Agric. Soc. Cairo. 1905. pp. 26. pls. 9. 
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common, the failure occurring either directly after synapsis, the chromatin thread 
not being segmented into chromosomes, or after tetrad formation, the spores 
aborting. The microsporangiate archesporium consists of a hypodermal plate of 
cells (two cells in transverse section and six in longitudinal). In connection with 
the reduction division, 20 chromosomes were counted as the gametophyte number; 
and this was checked up by an approximate count of 4o in certain nuclear divi- 
sions of the embryo. The solitary megaspore mother cell is differentiated 
beneath a heavy development of nucellar tissue (about 12 layers). One of the 
surprising results is that the functioning megaspore of the linear tetrad is the 
micropylar one. The antipodal cells are evanescent, and the fusion of the polar 
nuclei is somewhat tardy. Double fertilization was observed very distinctly. 
In the development of the embryo no suspensor was discovered, and before the 
segmentation of the fertilized egg about too free, parietally placed, endosperm 
nuclei have appeared. Later there is endosperm wall-formation, and in the 
later stages of the embryo it is imbedded in a delicate endosperm tissue. Perhaps 
the most interesting data are those in reference to the time-relations of these 
events, the rate of development being unusually high. Flowers hand-pollinated 
at 10:00 A. M. showed fertilized eggs in the afternoon of the following day. The 
interval between megaspore-formation and the completed sac (fertilization stage) 
is three days. About 60 hours after fertilization (33 days after pollination) the 
egg segments, and in about a week after pollination the embryo consists of “‘hun- 
dreds of cells.” —J. M. C. 


Pteridosperms and angiosperms.—OLIVER has published the substance of a 
lecture delivered before the Botanical Club of Cambridge University?? and illus- 
trated it by a scheme of the occurrence of vascular plants in geological time, 
modified from E. W. Berry. It discusses the bearing of recent investigations of 
the pteridosperms and cycads on the origin of seed-plants. Attention is called to 
the fact that the appearance of the Cycadophyta is geologically synchronous with 
the disappearance of the pteridosperms, and that the former perpetuate in many 
respects, especially in the cycadeoidean forms recently described by WIELAND, 
the fern-like characters of the latter. Just as the incoming of the Cycadophyta 
marks the end of the reign of the pteridospermic gymnosperms, so the appearance 
of the angiosperms in the Cretaceous and Tertiary marks the waning of the 
Cycadophyta. The author calls attention to the angiospermoid protection of the 
exalbuminous seeds of Cycadeoidea by the sterile scales of the inflorescence. 
He further emphasizes the resemblance of the bisporangiate inflorescence with its 
perianth-like envelops in Cycadeoidea with the typical angiospermous flower, 
since the parts occur in the same order, namely, perianth, microsporophylls, and, 
uppermost of all, the megasporophylls. He suggests that possibly the Cycado- 
phyta may be appropriately divided into two series, the Gymnocycads and the 
Angiocycads, the former the ancestors of the living cycads and the latter consti- 


27 OLIVER, F. W., Pteridosperms and angiosperms. New Phytologist 5:232-242. 
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tuting the Bennettitales. The latter or some allied stock he regards as the pos- 
sible ancestors of the angiospefms, a probability which he considers strengthened 
by the incoming of the angiosperms as they became extinct.—E. C. JEFFREY. 


Stem-thickening in monocotyledons.—It has been claimed that in palms 
secondary thickening by means of a merismatic zone occurs, as in Dracaena. 
STRASBURGER®*® has investigated the subject by a study of two stems of Wash- 
wngtonia filifera, and finds no cambial zone, but instead a number of localized 
areas in the pericycle where fundamental tissue, bundles, and sclerenchyma are 
produced. Anexamination of stems of Pandanus utilis afforded similar results. 
Among the numerous details recorded is the observation concerning the arrange- 
ment of the leaves in Pandanus; following SCcHWENDENER the author finds that 
this is due to torsion of the stem axis. 

Another paper on Pandanaceae, by CARANO,?9 denies the existence of second- 
ary growth it this family. Among other observations of interest is the crushing 
of vessels of the xylem at the leaf bases by growth of the wood parenchyma; 
this process seems to aid in casting off the old Jeaves. The bundles of the blade 
of the leaf show a horseshoe-shaped mass of phloem surrounding the xylem, and 
water-storage tissue is abundant along the median nerve. The root shows a 
number of large medullary bundles in addition to the peripheral ones, and to the 
former the lateral roots are attached. The roots springing from the stem are 
likewise connected with deeply situated vascular strands. These features hardly 
support the claim that this family is a primitive one. 

In the palm Euterpe oleracea3° the stem increases in thickness by the extraor- 
dinary growth of the mechanical tissue lying external to the phloem. This 
growth takes place after the stem has become hard and woody.—M. A. CHRYSLER. 


Germination of dimorphic fruits—Ernst?' has investigated the germinative 
characters of the dimorphic fruits of Synedrella nodiflora, a composite of the East 
Indian Archipelago. He finds that the fruits produced by the pistillate-ray 
flowers differ radically in form from those produced by the perfect disk flowers. 
; Corresponding to these differences in structure, he finds differences in germina- 

tive characters. The disk fruits germinate both in light and in darkness to a 
higher per cent. and more quickly than do the ray fruits. In the disk fruits 
diminution in the intensity of the light or its complete withdrawal only retards 
slightly the first stages in the germination, although it defers considerably the 





28 STRASBURGER, E., Ueber die Verdickungsweise der Stimme von Palmen und 
Schraubenbiumen. Jahrb. Wiss. Bot. 43:580-628. pls. 3-5. 1906. 

209 CARANO E., Ricerche sulla morfologia delle Pandanacee. Annali di Botan. 
5:1-46. pls. 1-5. 1906. 

3° KRANZLIN, H., Ueber das Dickenwachstum der Palme Euterpe oleracea. Ber. 
Deutsch. Bot. Gesells. 24:483-489. 1906. 


3t Ernst, A., Das Keimen der dimorphen Friichten von Synedrella nodiflora. 
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development of the hypocotyl and the unfolding of the cotyledons. In the ray 
fruits diminution of the intensity of the light and its complete withdrawal cut 
down markedly both the speed and per cent. of the first steps of germination; 
while in darkness the germination never goes beyond the early stages. The 
favorable influence of white light on the early germination and the later devel- 
opment of the seedling of the ray fruits is due to the less refrangible rays. The 
strongly refrangible rays retard the early stages of germination of the ray fruits 
and inhibit the further development of the seedlings. While Ernst holds that 
the differences in the germinative characters of the two fruits are due to differ- 
ences existing in the living portions of the fruits, it is possible, in the light of the 
results of another investigation,3? that they lie in the coats, and that his results 
with light of different intensity and refrangibility came from accompanying vari- 
ations in temperature, of which apparently he kept no record.—Wwm. CROCKER. 


A new type of Medulloseae.—The material described by Scotr33 was derived 
from an abandoned coal mine at Shore-Littleborough in Lancashire, which was 
opened for scientific purposes by its owner Mr. W. H. Surciirre, in honor of 
whom the new genus is named. It presents a strong general resemblance to 
Medullosa, but differs strikingly from it in the fact that it possesses a single axial 
protostele instead of the numerous concentric strands which are found in the 
latter genus. Another noteworthy feature is the exarch character of the wood, 
in contrast to the mesarch condition found in other Medulloseae. In spite of the 
simple character of the cauline vascular system, the leaf-strands are numerous 
and undergo complex branching and anastomosis. The foliar bundles are con- 
centric. Secondary thickening is present to a very slight degree in the central 
cylinder of the stem. The complex leaf supply attached to a protostelic cauline 
cylinder is a unique condition, and, as the author has pointed out, may have 
resulted from a reduction of the central cylinder of the stem. This view may 
perhaps also be taken of the cambium, which is more likely to be vestigial than 
inchoative. Mucilage canals and reticulate peripheral bands of sclerenchyma 
are found to resemble those found in Medullosa. The photographic illustrations 
by Mr. L. A. Boop ie are of quite unusual beauty.—E. C. JEFFREY. 


Items of taxonomic interest.—W. B. HemsLey (Hooker’s Icones Plant. IV. 
9:1906) has described the following 3 new genera from the Seychelles: Indo- 
kingia (pl. 2805) and Geopanax (pl. 2821) belonging to Araliaceae, and Neo- 
schimpera (pl. 2810) belonging to Rubiaceae;. and from China a new genus 
(Sinowilsonia, pl. 2817) of Hamamelidaceae.—O. Starr (idem) has described a 
new genus (Elaeophorbia, pl. 2823) of Euphorbiaceae from western Africa.—W. 
H. BLANCHARD (Rhodora 9: 4-10. 1907) has described 3 new species of Rubus 
from Connecticut.—E. HaAssLer (Bull. Herb. Boiss. II. '7: 1-4. fig. 1. 1907) has 

32 CROCKER, Wm., Réle of seed-coats in delayed germination. Bot. GAZETTE 
42:265-291. 1906. 

33 Scott, D. H., On Suttcliffia insignis, a new type of Medulloseae from the Lower 
Coal Measures. Trans. Linn. Soc. London II. 7:45-68. pls. 4. 1906. 
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described a new genus (Pseudomachaerium) of Leguminosae (Dalbergieae) from 
Paraguay.—P. B. KENNEDY (Muhlenbergia 3:8. 1907) has described a new Tri- 
folium from Montana.—T. D. A. CocKERELL (idem g) has published a new 
genus (Microbahia) founded on Syntrichopappus Lemmont.—A. A. HELLER 
(idem 10-12) has described new western species under Cakile and Ribes.—A. 
NELSON and P. B. KeENNepDy (Proc. Biol. Soc. Wash. 19: 35-40, 155-158. 1906) 
have described new species from Nevada under Eriogonum (2), Arabis, Ribes, 
Gilia, Phlox, Castilleia, Hulsea, Raillardella, Chrysothamnus, Sophia, Sphae- 
rostigma, Godetia, Oreocarya, Cryptanthe (3).—J. M. C. 


Ecology and taxonomy of Caulerpa.—SvEDELIUs* has published the results 
of his studies of the Ceylonese species of Caulerpa. Ina discussion of their mode 
of life the following subjects are presented: (1) “do all Caulerpas grow under 
similar external conditions ?”’; (2) ‘‘different ecological types as distinguished by 
the varying development of their root-system,” and (3) “‘of their assimilation 
system;”’ (4) ‘‘on the difference between morphological and adaptational char- 
acters in Caulerpas.”’ Observations of the different kinds of variations result 
in the following enumeration: (1) those which depend on locality, and which 
are to be considered adaptations or ‘‘ecologisms;” (2) those which cannot be 
considered as ecologisms, but are the result of fluctuating variability among the 
different branchlets; (3) those which can be considered as phylogenetic stages of 
evolution; (4) bud variations of atavistic origin; (5) dwarf forms; (6) those 
which do not fall under any of these categories and may be bud variations without 
atavistic origin (mutations). 

In the taxonomic part of the paper twenty-one species are presented and 
illustrated, two of them being new.—J. M. C. 


Experiments on cell-formation.—By subjecting root tips to various abnormal 
factors, such as MgSO,, NaCl, benzine vapor, and extreme temperatures, 
NéEmec’5 finds that cell walls do not always appear between the daughter nuclei 
and that the daughter nuclei frequently fuse, the resulting nucleus of course having 
the double number of chromosomes. In the tips subjected to benzine vapor, 
the chromosomes are shorter and thicker than the normal ones, although in their 
formative stages no abnormalities can be observed. He was most successful with 
root tips of Vicia Faba, Galtonia candicans, Hyacinthus, and various euphorbias. 
Staminate branches of Larix decidua were placed in a warm chamber and sub- 
jected to the action of chloroform vapor. There was little doubt that some 
pollen mother cells passed directly over into pollen grains. Mixed among these 
pollen grains true tetrads were occasionally present. Sometimes the pollen mother 
cells divided once, giving rise to two pollen grains.—W. J. G. LAnp. 


34 SVEDELIUS, Nis, Ecological and systematic studies of the Ceylon species of 
Caulerpa. Ceylon marine biological reports no. 4. pp. 81-144. figs. 51. 1906. 

35 NEmec, B., Ueber die Bedeutung der Chromosomenzahl. Bull. Internat. 
Acad. Sci. Bohéme 10: pp. 4. 1906. 





NEWS 


PROFESSOR GEORG KLEBs, of Halle, has been called to the University of 
Heidelberg to succeed the late Professor PFITZER. 


Dr. WiLti1AM TRELEASE, Missouri Botanical Garden, is spending February 
and March in a botanical expedition in the West Indies. 


THE LICHEN COLLECTION of H. E. Hasse, of California, consisting of about 
3000 species and many duplicates, has been presented to the New York Garden 
by Mr. Jon I. Kane. 

PROFESSOR ROLAND THAXTER, Harvard University, has been selected as 
American editor of the Annals of Botany, to succeed Professor W. G. FARLow, 
who has withdrawn from the position. 

B. E. FErnow, formerly director of the New York State College of Forestry 
at Cornell University, has been appointed to organize a department of forestry in 
the State College of Pennsylvania, which will be an undergraduate forestry school. 


MUHLENBERGIA, with A. A. HELLER as editor and publisher, begins its third 
volume as a journal “‘open to the botanical public.” It is to be restricted to the 
taxonomy of seed-plants. The subscription price is $1.00 a year, and the address 
of the editor is Box 58, Los Gatos, California. 


WitH THE January number the Bryologist, under the editorship of the pub- 
lisher, Mrs. ANNIE MorriLt SMITH, enters upon its tenth volume, which opens 
with a sketch and portrait of the late Witt1AM MitrEeN. The past volumes are 
replete with notes on the bryophytes of the United States. 


THE OFFICERS of the American Society of Naturalists for the present year are 
President, J. P. McMurricu, University of Michigan; Vice-President, D. P. 
PENHALLOW, McGill University; Treasurer, HERMANN VON SCHRENK, Missouri 
Botanical Garden; Secretary, E. L. THORNDIKE, Columbia University. 

ADVANCE PROOFS of the Report of the Missouri Botanical Garden for 1906 
show a very vigorous development in every department. The gardening for the 
benefit of the public was responded to by 117,553 visitors, a figure not reached 
heretofore except during the year of the Louisiana Purchase Exposition. To the 
herbarium there were added 35,422 sheets of specimens, bringing the total collection 
to 559,267 sheets, 46,466 of which are thallophytes. One of the notable collec- 
tions added during the year was that of the late J. REVERCHON, especially rich 
in Texan plants. The library is one of the very few great botanical libraries of 
America, the accessions of 1906 bringing the enumeration of books and pam- 
phlets to 54,895, controlled by 571,253 index cards. During the latter part of the 
year J. W. BLANKINSHIP was added to the herbarium staff. 
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